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PREFACE. 



By Ai^FRED H. Bhooks. 



Prior to the explorations whose results are 
set forth in this volume the Canning Biver 
region of Arctic Alaska was almost unknown. 
The adjacent seas had been visited by whalers, 
and the coast had been hastily traversed by 
several explorers, but the detailed features of 
the coast line were unknown and the inland 
region had been visited by only a few prospec- 
tors and fur hunters, so that only its larger 
geographic features were known. The region 
as a whole therefore presented an almost com- 
plete hiatus in the scientific knowledge of 
Alaska, and Mr. LefEngwell has performed a 
most valuable service in mapping its geography 
and geology. However, as this report will 
show, his researches were by no means limited 
to these subjects, for he has recorded facts and 
made interpretations relating to many prob- 
lems in other fields of science. 

Nearly all parties that have undertaken ex- 
ploration in Alaska and polar regions have 
been large enough to permit both the scientific 
observations and the physical labor incident 
to travel^ to be divided among several men. 
Not so with Mr. Leffingwell's party, for most 
of the time after the departure of Mikkelsen, 
in 1907, he had only one white man to help 
him, and he one who could take no part in the 
scientific observations. In fact, he made many 
of his journeys with only one or two Eskimo 
companions, and he made some entirely alone. 
The field was one of his own choice, and the 
explorations were made at his own initiative 
and expense. Therefore the results here set 
forth are in every sense of the word entirely Mr. 
Leffingweirs own contribution to science and 
to a better understanding of Arctic Alaska. 

The modest narrative of his explorations 
here presented gives but a very inadequate con- 
ception of the self-sacrifice and hardships he 
endured during the years of his exploration. 
The reader of this volume should, however, 
constantly bear in mind the very adverse con- 
ditions under which the field work was done. 



for only thus can he understand why it was 
not possible to obtain the full information 
necessary to a complete analysis of all the 
problems presented. 

Mr. Leffingwell's cartographic work on the 
coast, the results of which are shown on the 
maps in this report (Pis. I-V, in pocket), was 
based on accurate mensuration and determina- 
tion of geodetic positions. He presents the 
first accurate chart of the north Arctic coast 
of Alaska, and his coastal maps are a valuable 
contribution to the knowledge of shore-line 
topography in the polar regions. It was not 
possible with his. facilities to map the inland 
region with the same degree of refinement. In 
this part of the field, however, Mr. Leffing- 
well has made a valuable contribution to our 
knowledge of Alaska's larger geographic fea- 
tures, and this work, togetjhier with his geo- 
logic reconnaissance surveys, will be an im« 
portant link between the investigations made 
along the international boundary on the east 
and Colville Biver on the west. 

Not the least of Mr. Leffingwell's contribu- 
tions to science is his detailed study of the 
ground ice, the results of which are set forth 
in this volimie. He has also not only discussed 
the physiography of the region, including both 
past and present glaciation, but has analyzed 
in detail the processes of erosion and deposi- 
tion under polar climatic conditions. 

Mr. Leffingwell has, I think, been wise in 
his form of presentation. He has given not 
only his deductions and generalizations but 
also a detailed record of the observed facts. 
This complete record is especially valuable as 
to those subjects in which it was not possible 
to make the field studies exhaustive, for it en- 
ables those who do not accept his conclusions 
to put their own interpretations on the facts 
presented. In my opinion, some of his con- 
clusions can be called in question on the evi- 
dence presented, but this fact does not de- 
tract from the value of the report as a whole. 
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THE CANNING RIVER REGION, NORTHERN ALASKA. 



By Ebxest de K. Leffingwell. 



INTRODUCTION. 
OTTTUNE OF WOBK DONE. 

In the spring of 1906 a small expedition was 
organized by Capt. lijnar Mikkelsen and the 
writer for the purpose of exploring Beaufort 
Sea, which lies north of Alaska. This expedi- 
tion received the rather pretentious name of 
Anglo-American Polar Expedition, owing to 
the fact that the Eoyal Geographical Society 
of London and the American Geographical So- 
cietv of New York were contributors to the 
funds. Mikkelsen and the writer were joint 
commanders, and consequently the name Mik- 
kelsen-Leflingwell Expedition has been some- 
times used by the press. The arrangement 
made provided that each should furnish half 
the funds. The writer obtained his share from 
private sources, and Capt. Mikkelsen obtained 
his half from societies and individuals. 

The expedition was to go to Banks Land, 
northeast of the mouth of the Mackenzie, and 
spend one year in scientific work on the south- 
east side of that island. In the second summer 
it was to advance along the west side of Banks 
Land as far as possible and then spend a year 
in explorations farther west over the Arctic 
Ocean, in search of the land predicted by Har- 
ris from the behavior of the tides. 

The expedition sailed from Victoria, British 
Columbia, in the spring of 1906 in a sealing 
schooner without power, renamed the Duche^is 
of Bedford^ after one of the contributors to the 
funds. The party numbered eight, and in- 
cluded the two commanders, a doctor, a nat- 
uralist, and four sailors. 

The Duchess of Bedford arrived at Point 
Barrow ahead of the United States revenue 
cutter Thetis and several steam whale ships. 
The ice was close along the beach east of the 



point, and the schooner could not make head- 
way by beating among the floes against the 
constant head wind and current. After win- 
ter quarters had been chosen in Elson Lagoon 
a whaling, captain kindly offered to tow the 
Dutchess of Bedford eastward, and by this 
means the expedition reached Flaxman Is- 
land, on the north shore of Alaska. There the 
party wintered. 

At the end of the first year the ship was 
found to be unseaworthy, so the expedition 
could proceed no farther. The crew was sent 
home by whale ship and Mikkelsen returned 
to civilization during the fall and published 
hi& narrative.^ 

The writer remained among the Eskimo for 
another year but was unable to do satisfactory 
work with the equipment at hand. Therefore, 
in 1908, he came back to civilization and re- 
fitted. In 1909 he returned to the same base 
at Flaxman Island and remained for three 
years. Another year was spent in the region 
in 1913-14. In the narrative here presented 
the chief operations are briefly mentioned. 

During the 10 years between the organiza- 
tion of the first expedition in the winter of 
1905-6 and the date at which this report was 
finished the writer's whole attention was given 
to the work here reported. To lessen the bur- 
den upon his pecuniary resources the writer 
made an attempt at whaling and trading. One 
whole spring was sacrificed in whaling at Point 
Barrow but without success. A few thousand 
dollars was obtained for furs collected during 
the last four years, but this sum was not quite 
sufficient to cover the extra outlay involved. 

The total expense of the writer during these 
10 years has been about $30,000, half of which 
was paid out for the first year's operations. 

1 Mikkelsen, EJnar, Conquering the Arctic Ice, London, 1000. 
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This report iiesci;H^B an area about 70 miles 
square south of'CamdeD Bay, ehown on Plates 
I and II '^in,'pocket) , which was explored suf- 
ficiefltljr.'id bring out its broader topographic 
a{fd geologic features and discusses the geo- 
;graphic features of the northern coast of 
Alaska, the topography of which is shown on 
Plates III-V (in pocket). (See fig. 1.) 



The writer is indebted to his father. Dr. 
Charles W. Leffingwell, for the funds by means 
of which the work has been carried on. He is 
also indebted to the patrons of the Anglo- 
-Vmerican Polar Expedition for contributions 
toward the expenses of the first year. To Mr. 
Alfred H. Brooks, geologist in charge of the 
division of Alaskan mineral resources of the 




FiauBB l.^Inilez map of Dortbern Alaska, showlos areas iDclndrd od larfe-Bcale in«p« (Pis, 1-T, Id pocket). 



In addition-to the technical descriptions the 
report includes chapters of general interest, 
such as are customarily given in reports of ex- 
ploring expeditions. Ths writer's training and 
chief interest lay in the study of the Pleisto- 
cene geology, so that Pleistocene phenomena 
have received more space in the discussion than 
,those of all the other periods combined. The 
ground ice has been discussed in detail. 



United States Geological Sun-ey, he is in- 
debted for advice and encouragement during 
the progress of the field work and for the 
privilege of writing this report in the office of 
the United States Geological Survey. The 
writer wishes also to express his appreciation 
of the many favors received from the members 
of the Geologic^ Surrey, both scientific and 
clerical. 
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Assistance from the United States Coast and 
Geodetic Survey is also gratefully acknowl- 
edged. Dr. Rollin A. Harris worked out the 
tidal observations, Mr. C. R. Duvall the oc- 
cultations, and Miss S. Beall the latitudes. 
Dr. S. W. Strutton, of the National Bureau of 
Standards, lent the writer a steel tape and also 
calibrated several instruments. The United 
States Revenue Cutter Service several times 
transported small amounts of freight as far 
as Point Barrow. 

To the members of the Canadian Arctic ex- 
pedition, especially the southern party, under 
Dr. R. M. Anderson, the writer is indebted for 
transportation from Nome to Flaxman Island, 
as well as for hospitality enjoyed in their win- 
ter quarters. Acknowledgment is made for 
permission to use their large-scale map of Col- 
linson Point', which shows numerous sound- 
ings. 

Of the many to whom the writer is indebted 
for assistance in reaching the field of work, 
Mr. C. D. Brower, of the trading station at 
Barrow, should be mentioned first. The writer 
spent many weeks as his guest, during visits 
to that place. To Capt. George Leavitt, of the 
whale ship Narwhal^ Capt. Steven Cottle, of 
the Belvedere^ and Capt. John Bertoncini, of 
the Jeannette^ the writer is indebted for trans- 
portation between Barrow and San Francisco 
in returning from his three different trips to 
Arctic Alaska. He wishes also to express his 
appreciation of the three years of loyal service 
by Samuel Mclntyre. 

ITIHEBA&Y. 

The steps leading to the establishment of the 
base camp at Flaxman Island have already 
been mentioned. The following account of the 
writer's personal experiences is presented in 
the hope that it may be of service to those who 
are contemplating Arctic travel. 

As more provisions were needed for the simi- 
mer of 1907, the writer, accompanied by one 
white man, left Flaxman Island as soon as the 
ice was sufficiently firm, in October, 1906, on 
a sled trip to Herschel Island. Much delay 
was caused by open water and deep snow, not 
to mention the extreme friction of the Nansen 
sled upon salty ice. Herschel Island was 
reached late in November, after a trip of 35 



days. The return trip was made in Decem- 
ber, in three weeks of very bad weather. Dur- 
ing the eastward trip a sketch map was made 
of the details of the coast that were visible 
from the line of march. 

The next few months were spent at Flaxman 
Island, chiefly in preparing .for the ice trip 
north. Observations for latitude and time 
were made with the altazimuth, and one oc- 
cultation was observed. 

During March, April, and May, 1907, a 
sled trip was made northward in search of 
land. Although no land was found, a series 
of soundings showed that the continental 
shelf extended 50 miles from the Alaskan 
mainland. A detailed account of this trip is 
given in Mikkelsen's book,^ so that there is no 
need of enlarging upon it here. 

Wlien warmer weather set in, the ship be- 
gan to leak so much that the crew were unable 
to keep the water pumped out. Consequently 
they moved to the shore and built a small 
cabin out of the interior woodwork of the 
ship. As it was impossible to make the vessel 
seaworthy, she was dismantled, and the crew 
were sent home at the earliest opportunity. 

In May, 1907, the writer started eastward in 
company with a prospector, H. T. Arey, and 
his son, to explore Okpilak River. The party 
sledded to Arey's cabin, at the mouth of this 
river, and thence nearly to the mountains. 
The sle4 was then abandoned and further 
progress was made by packing. The river was 
explored to a point within sight of the head 
of the west fork, where further progress was 
impossible because of the deep snoNv that lay 
on top of the glacier. Much cloudy weather, 
with rain or snow, interfered with a complete 
survey. 

The party returned to the coast on July 11 
and were marooned, with no means of trans- 
portation, until August 1. Arey Island was 
mapped by using a micrometric control, and 
several points on the mainland were located. 
A boat arrived from Flaxman Island on Au- 
gust* 1, and the writer was able to return to 
headquarters by August 5, after having 
mapped a few square miles near ■ CoUinson 
Point. 



^ Mlkkelsen, Ejnar, op. clt. 
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As the crew of the DucJtesa of Bedford de- 
sired to return to civilization by whale ship, 
it was not advisable to employ any of them for 
trips away from the island, for a ship might 
pass at any time and afford them their only 
chance to leave the country. Both the small 
boats also would be needed to transfer them 
and their gear to the ship. Duijng the later 
part of August they caught a ship — ^the Nar- 
whal^ Capt. George Leavitt — and as Capt. 
Mikkelsen was at Herschel Island the writer 
was alone for some days. 

On account of the preparations necessitated 
by Mikkelsen's return to civilization, no field 
work could be done until October. A few days 
after Mikkelsen had left, the writer, accom- 
panied by a native boy, sledded up Canning 
Eiver on a surveying trip. Near Shublik the 
sled broke through the new ice that was con- 
stantly forming over the flood waters, and all 
the instrument boxes were filled with water, 
which afterward froze solid. In order to 
travel at all on flooding, ice-filled rivers, it is 
necessary to wade through the advancing water 
• and to break the ice until farther on it becomes 
solid enough to bear one's weight. Ordinarily 
the water under the new ice is only a few 
inches deep, but on this occasion the sled broke 
through into a channel perhaps a foot and a 
half deep. As the instruments might be dam- 
aged by cleaning them in camp and as the map 
paper had been ruined, the writer returned 
to Flaxman Island. 

During the second winter at the island, that 
of 1907-8, more astronomical observations were 
made, including three occultations. On Janu- 
ary 23, 1008, the writer, accompanied by a 
native, his wife, and his small girl, and also by 
the same boy who had previously accompanied 
him on the sledding trip up the Canning, inade 
a sledding trip to the head of Hulahula River. 
A micronietric stadia traverse was made for 
about 25 miles inland, but scarcely any details 
of the topography could be seen at that time of 
the year. Much difficulty was experienced 
with high winds, which caused the plane-table 
alidade to vibrate greatly. The survey in this 
neighborhood was accordingly postponed and 
the camp was moved to the head of the river. 
Here an area a few square miles in extent was 
mapped and observations for latitude and azi- 
muth were made. At this time the native and 



his wife became dissatisfied, and there was 
nothing to do except turn them out of camp or 
give up work for a time. Scientific work with 
the best native assistance is unsatisfactory 
enough, but when the natives are surly it is 
almost impossible. Accordingly the writer dis- 
chafged the natives and returned to headquar- 
ters. 

In April a trip was made up the Canning to 
secure some specimens of DalFs sheep which 
had been purchased from a native. 

Early in May the writer and an Eskimo boy 
sledded up the Canning to Ignek Creek, where 
iEibout 10 days were spent in mapping and in 
investigating the geology. The boy, becoming 
lonely, decided to return to the coast, and as 
there was no way to keep him and to do work 
at the same time, he was given food enough to 
supply him till he could reach his family. The 
writer stayed on alone, and as soon as possible 
packed upstream, mapping both the geography 
and geology. His farthest camp was a short 
distance above the forks, on th^ east branch of 
the river. The heavy load of fossils could not 
be brought to the coast without double-trip- 
ping, so they were cached at Ignek Creek. The 
coast was reached July 7. 

A week later a native canoe was procured 
and tracked up the west mouth of the Can- 
ning. This part of the river was mapped in 
detail by a paced traverse, and fairly good 
control was obtained by lines drawn to three 
determined points. From a point near the 
junction of the mouths the native boy (the 
same boy that had accompanied the writer on 
the former trip) went the remainder of the 
distance to Ignek Creek and brought down 
the fossils. In the meantime the writer 
mapped a part of the east mouth of the river. 

Finding that he could not work to advan- 
tage with the equipment at hand and with 
native assistance, the writer returned to civili- 
zation in the fall of 1908 as the guest of Capt. 
George Leavitt, of the whale ship Narwhal, 

During the winter of 1908-9 the writer 
provided himself with equipment for three 
years, especially with the instruments neces- 
sary for the higher grade of work which he 
hoped to accomplish. The owners of whale 
ships decided to send no ships to the Arctic 
Ocean in the summer of 1909, so the writer 
was forced to procure a boat of his own. After 
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waiting some days he left Seattle in May, 
1909, in a 12-horsepower gasoline yawl of 13 
tons net. The boat was 50 feet long, 14 feet 
wide, and drew less than 4 feet of water. The 
voyage from Seattle to Unalaska, across the 
North Pacific, occupied more than a month. 
The weather was bad and the yawl was too 
frail to be forced into heavy seas, so that many 
days were spent heaved to. 

From Unalaska, Capt. Steven Cottle, of the 
whale ship Karluk^ kindly towed the yawl 
halfway to Nome at a much greater speed than 
was possible under her own power. The tow- 
line parted during rough weather, else the cap- 
tain would have towed the yawl the entire dis- 
tance. Ice was met about August 1 in Peard 
Bay, below Point Barrow. Here the yawl was 
held for two weeks. Point Barrow was passed 
on August 17, and Flaxman Island was 
reached on August 23. Stores were dis- 
charged, and then a trip was made back to 
Point Barrow for a second load, which had 
been landed there by a freight ship. 

The second trip was completed by the mid- 
dle of September, and then a new house was 
built next to the old one. Here the party was 
established, consisting of the writer and two 
other white men — Samuel Mclntyre and 
Storker Storkersen. No field work was done 
in the fall of 1909. An astronomical pier was 
constructed, and the instruments were set up 
and adjusted, but no good observations were 
made until Januarv, 1910. 

On April 1, 1910, the writer started for 
Point Barrow on a whaling venture, during 
the northward migration of the whales, reach- 
ing there after a three weeks' trip. About a 
week was spent in camp while the natives 
hunted caribou. The object of this venture 
was to help pay the expenses of the scientific 
work, which were too heavy for the writer's 
resources. A full-grown whale was worth 
nearly $10,000 at the prevailing price of $5 
a pound for whalebone. About six weeks were 
spent on the ice near Point Barrow, but no 
whale was killed. 

On July IC the party started toward Flax- 
man Island again, hauling a. boat on a sled, 
licisurely progress was made over the melting 
ice as far as Cape Halkett. Here the sled was 
cached on July 3, and the boat was navigated 
in the water that had formed on the shallow 



shore of Harrison Bay. Oliktok was passed 
on July 8 and Flaxman Island was reached on 
July 13. During this trip a sketch map was 
made of the details of the visible shore line 
between Point Barrow and Oliktok. 

Two weeks were spent at Flaxman Island 
in getting the yawl into shape for the sum- 
mer. During this time the coast near Brown- 
low Point and the spit running southeastward 
from it were mapped. 

Between August 1 and 16 a trip was made to 
Point Barrow in the yawl for the purpose of 
getting provisions and mail. At Thetis Island 
a day was spent in erecting a beacon as an aid 
to navigation. This island is the first place 
picked up in crossing Harrison Bay from the 
west, and it is important that it should be 
recognizable. After returning to headquarters 
the party took the yawl to Arey Island, 50 
miles to the east. Storkersen then left the 

« 

party. 

On August 31, 1910, Mclntyre and the writer 
proceeded westward in an open boat along the 
chain of sand islands that extend more than 
60 miles in that direction from Flaxman 
Island. All these islands were, mapped and 
intervisible beacons were erected. It was im- 
possible, however, to carry the line of beacons 
to Cross Island on account of its great dis- 
tance from the next island to the east. From 
the Midway Islands the party went over to the 
mainland at the east side of Gwydyr Bay. 
From that place the shore line was mapped 
well down into Prudhoe Bay, but not the 
lower part of the bay. Camp was made at 
Heald Point and this neck of land was mapped 
during a period of delay caused by adverse 
winds. Heald Point was left on September 
20 and Flaxman Island was readied on the 
evening of the same day. 

No field work was done in the fall of 1910. 
The time was employed in getting driftwood 
for the winter, in banking up the house with 
snow, and in making tents and sleds. 

In February, 1911, a trip was made up Can- 
ning River in order to carry a stadia traverse 
from the north front of the main range or 
Franklin Mountains to a point as near the 
head of the river as possible. Immediately after 
reaching the starting point selected for the 
traverse a spell of remarkalDly warm weather 
set in, so that the river ice was flooded with 



16 



THE CANNING BIVEB BEQION, NORTHERN* ALASKA. 



more than a foot of* water. The maximum 
temperature was 44° F., and the unusually 
high temperature was accompanied by rain. 
Here the party was held for 10 days. 

By the time the warm spell was over the 
supply of food was so low that it was neces- 
sary to return to Flaxman Island. A short 
time later the temperature on three successive 
nights fell below —60° F. 

Between April 2 and May 2 a sled trip was 
made as far west as Oliktok for the purpose of 
establishing a system of topographic control 
by combination of micrometric stadia traverse 
and as many lines of triangulation as could 
be run. In this way a fairly complete control 
of more than a hundred miles of coast line 
was obtained, but it was not considered suffi- 
ciently accurate for a map drawn on the scale 
proposed. 

Between May 10 and June 20, 1911, the 
writer, accompanied by two native boys, 
sledded up Marsh Creek to the foot of the 
moimtains. There the sled was cached and 
further progress" was made by packing. The 
failhest point reached was at Lakes Peters 
and Schrader. The topography along the 
route was mapped and a fairly good c6llec- 
tion of Mesozoic fossils was obtained. 

June 26 to July 31 were occupied in topo- 
graphic work on the coast, chiefly west of 
Gwydyr Bay. A few triangulation stations 
were 'occupied with a more powerful theodo- 
lite, which had been constructed out of the 
parts of two instruments. Between August 1 
and 12 a trip was made to Point Barrow in 
the yawl. During the next two weeks Flax- 
man Island was surveyed, and some soundings 
were made in its vicinity, but it was not until 
September 4 that the party could start west- 
ward tq complete the mapping of the unsur- 
veyed parts of the coast. The mainland was 
surveyed as far as the east mouth of the Saga- 
vanirktok, from which point the party re- 
turned, reaching headquarters on September 21. 

During the fall of 1911, as usual, no field 
work was done. The yawl was hauled out for 
repairs and left on the beach all winter. In 
January and February, 1912, a series of ob- 
servations for latitude was made at Flaxman 
Island. A base line was measured and the 
base net of five or six stations was completed. 
Between March 7 and 24 a few triangulation 



stations, one as far west as Sagavanirktok 
Eiver, were occupied. Between April 10 and 
May 15 the writer sledded as far west as Olik- 
tok. The triangulation was» completed, ex- 
cept the figures for two stations, where fallen 
signals or bad weather prevented success. 

On June 7 the writer and two native boys 
started eastward, hauling a boat upon a sled. 
Most of the coast was mapped as far as Barter 
Island. The intention was to- communicate 
with the expected survey party ai the one hun- 
dred and forty-first meridian, but the ice hung 
on to the shore so late that the trip was given 
up. The party left Barter Island on July 14, 
but was delayed by the ice in Camden Bay, and 
did not reach Flaxman Island until August 3. 

Early in August the yawl was turned over 
to Mclntyre in payment of his wages, accord- 
ing to agreement, and a few days later he pro- 
ceeded eastward with it into Canadian terri- 
tory. The writer had made» arrangements to 
take passage to Nome on a returning trading 
schooner, but the captain of the ship selected 
decided to spend another winter in the country. 
Having no means of transportation after the 
yawl had departed, the writer procured pas- 
sage in an open whaleboat with a native fam- 
ily who were traveling to Point Barrow. As 
the boat was loaded with the belongings of its 
owner, only the most important of the writer's 
possessions — ^the records and fossils — could be 
taken along; the instruments and other valu- 
able' property were left behind in the store- 
house. 

The party left Flaxman Island on August 
15 and stopped at Tigvariak Island until 
August 28, while the annual trading was tak- 
ing place between the local natives and those 
from the east and the west. The winds were 
fair when the party left this island late in the 
night of August 28 and good progiess was 
made. While the boat was sailing along the 
high bank east of Smith Bay good exposures 
of ground ice were seen above newly fallen 
blocks of tundra, but the surf was too high 
for landings and in the snowstorm that was 
then prevailing the details of the exposures 
could not be well made out, else the problem 
of ground ice might have been solved in 1912, 
instead of in 1914. 

Point Barrow was reached on September 2, 
and the writer became the guest of Mr. C. D. 
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Brower until a ship should put in. Two whale 
ships had gone past the place in August, 
and it was confidently expected that they 
would touch there before they started south- 
ward. Such ships usually leave Point Barrow 
during the first week in September, but it was 
not until late in the month that the Belvedere^ 
Capt. Steven Cottle, put in there and offered 
the writer passage to San Francisco, where the 
ship arrived during the first week in Novem- 
ber. 

Mr. Brooks, of the United States Geological 
Survey, having kindly provided desk room 
at the office of the Survey in Washington, the 
writer spent four months there in preparing 
this report. 

Although, as already noted, the chain of 
triangulation had broken down at two places, 
it was poiBsible to bridge these gaps by means 
of minor angles and a rough plane-table trav- 
erse — ^work very likely to make the accurate 
triangulation beyond the gaps unserviceable. 
There were several thousand dollars' worth of 
instruments and personal property at Flax- 
man Island, and as the writer desired another 
opportunity to examine the ground ice, good ex- 
posures of which were not abundant during the 
five years he had spent in northern Alaska, he 
determined .to make another trip to the region. 
Consequently, when the Canadian Arctic Ex- 
pedition was organized under Stef &nsson and 
Anderson, the writer offered his services as 
l^ide in return for transportation as far. as 
flaxman Island, and his offer was accepted. 

Late in June, 1913, the writer went from 
Seattle to Nome on a passenger ship. At 
Uome, after waiting three weeks, until the 
expedition was ready to sail, he started in the 
gasoline schooner Mary Sachs^ Capt. Peter 
Bernard, under the arrangement just men- 
tioned. Ice was met at Point Franklin, and 
for nearly two weeks the boat was blocked at 
the bottom of Peard Bay. 

On August 15 Point Barrow was finally 
rounded, and good progress was made through 
the shallow water to Flaxman Island, which 
was reached on August 18. Here the writer 
was landed with an outfit consisting of a large 
dory and provisions for two months. The 
island Was then already covered with snow^ 
a^d the pools were frozen over. 
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The party had expected to reach the island 
late in July, when, under ordinary conditions, 
it can easily be reached by a shallow-draft 
ship. Two larger ships, which had slipped past 
Point Barrow before the Mary Sachs reached 
the ice, had been able to get to Flaxman Island 
early in August, but when the party landed 
the natives, who always gather in the neigh- 
borhood for trading about the 1st of August, 
were now dispersed, so that no assistance could 
be obtained for the navigation of the large 
dory with its load of heavy cases of instru- 
ments and books. The writer thus had the 
alternative of returning empty-handed and 
having accomplished nothing or of remaining 
a whole year to do what he could with an in- 
sufficient outfit The latter course was decided 
upon. The house was in good condition and 
was stocked with sufficient flour for the winter, 
so that there was no shortage of provisions. 

The ice was forced so firmly against the 
island that the Mary Sachs was unable to pro- 
ceed until a change of wind opened a narrow 
lead along the beach. She got off on August 
26 and headed eastward, and for some weeks 
the writer was left alone. 

The post that marked the north end of the 
base line was still standing, so it was decided 
to repeat the base net observations with 
greater accuracy. After the four stations on 
the island had been occupied a small hand sled 
was made and the theodolite was hauled upon 
it over to the mainland and the two sti^ions 
there were occupied. About the middle of 
October the outfit was hauled 7 or 8 miles 
westward to an empty native hut, and from 
there one or two more stations were occupied. 

During the fall the base net was adjusted by 
the method of least squares, not for the sake 
of accuracy. but for mental employment. The 
astronomical instruments were not set up, for 
the latitude and azimuth were already known 
with more than sufficient accuracy. More oc- 
cultations were desirable, but no ephemeris 
was available in which the predictions could 
be found. 

Early in October a sled came up from the 
east with two members of the Canadian Expe- 
dition. Two of their ships, the Mary Sachs 
and the Alaska^ were wintering at Collinson 
Point, only 35 miles beyond Flaxman Island. 
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The ice had been so heavy that none of the six 
ships that made the attempt had reached 
Hersehel Island. 

The writer was invited to spend Christmas 
with the expedition and even to become a mem- 
ber of the party if he cared to. Late in De- 
cember he went to CoUinson Point with a sled 
that was sent up for him and remained there 
for a month. 

Plans had been made to devote the spring to 
completing the two gaps in the triangulation 
scheme and to strengthening some weak tri- 
angles by more observations. Also there were 
a few blmiders in recorded minutes or degrees 
to be corrected. 

On February 15, 1914, the writer and a small 
native boy with the aid of a single dog hauled 
the camp gear to Challenge Island, and were 
held there in camp by bad weather for eight 
days and forced to return without having made 
the desired observations. 

On March 5 the writer sledded his camp gear 
to the mouth of the Kadleroshilik River, where 
he and the boy remained for 11 dajrs. A signal 
was erected on Kadleroshilik mound, 12 miles 
inland, but it blew down during a gale before 
its geographic position could be determined. 
During the same gale, whose recorded maxi- 
mum velocity at CoUinson Point was 84 miles 
an hour, the theodolite case was blown some 
distance down the side of a mound, where it 
had been left overnight. The telescope, which 
was in a separate case, was found on a bare 
spot of ground, but the case out of which it 
had fallen was never seen again. The instru- 
ment was not damaged and was soon adjusted. 
During these 11 days only one station was 
occupied. 

The writer and the native boy, with one dog, 
then worked as far west as Kuparuk River, 
occupying several stations. Continued bad 
weather and shortage of provisions prevented 
the completion of an important figure, but 
sufficient angles were measured to bridge the 
gap with a weaker figure than the one planned. 
On the return trip another stop was made at 
Kadleroshilik River until sufficient observa- 
tions could be made to complete the gap at that 
place, after which the party returned to Flax- 
man Island, arriving there April 21. 

Between April 29 and May 3 a trip was 
made to a station 20 miles up the Canning. 



Then about three weeks were spent at the 
island in occupying a few neighboring stations 
and in packing up gear for departure. 

On May 20 the writer sledded to CoUinson 
Point, where he was a guest of the Canadian 
expedition for a month. Several attempts 
were made to sled up Katakturuk River, but 
the flooded tributaries greatly hindered prog- 
ress. A point about 20 miles from the coast 
was reached, and a little work was done. 

About the 1st of July the writer was taken 
back to Flaxman Island by the kindness of Dr. 
R. M. Anderson. Two men who had come 
from ships that were wintering farther east 
and who desired to return to civilization 
offered their services in return for transporta- 
tion to Point Barrow in the writer's dory. The 
party left the island on July 11, by which time 
a narrow lane of water had melted along the 
land. The party was blocked for 10 days iji 
sight of the island until the lagoon ice broke 
up and moved westward during a gale. By 
August 2 the party had worked as far as Tig- 
variak Island and on August 3 reached Foggy 
Island, and thence had open water for about 
100 miles.^ The distance between Foggy Island 
and the west side of Harrison Bay was cov- 
ered in 50 hours. Ice was met again south 
of Cape Halkett, so that progress was slow to 
the east side of Smith Bay, which was reached 
August 9. Point Barrow was reached on Au- 
gust 17, and passage home was taken on the 
whale ship Jeannette^ Capt. John Berton- 
cini. The ship left Point Barrow on August 
21 and about six weeks later arrived at San 
Francisco. 

To summarize, the writer has spent nine 
summers and six winters on the north shore of 
Alaska and has made in all 31 trips by sled 
and by small boat in the region, in addition to 
traversing the coast between Point Barrow 
and Flaxman Island 10 times by ship. He 
spent over 30 months on these trips, and dur- 
ing most of that time he lived in a tent. Camp 
was pitched about 380 times. The distance 
traveled has not been calculated exactlv, but 
it is roughly estimated that about 4,500 miles 
was covered by sled or small boat. The 10 
trips on shipboard add about 2,500 miles. 
The three round trips frcrni Puget Sound to 
Point Barrow approximate 20,000 miles of 
ocean travel. 
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EQUIPICEHT. 

A complete discussion of Arctic equipment, 
such as may be found in the reports of many 
expeditions, lies beyond the scope of this paper, 
yet a brief description of some important items 
may be of interest 

HABITATION. 



The writer's habitation at Flaxman Island 
consisted of a dwelling house, shed, storehouse, 
provision rack, and ice cellar. The house, 
shed, and storehouse were joined together in a 
line, and the rack and ice cellar were con- 
veniently located near by. 

In 1907 the crew of the Duchess of Bedford 
built a cabin out of the interior woodwork of 
the ship and banked it with sod, so that it was 
comfortably warm. It was so damp, however, 
that instruments rusted and other articles be- 
came covered with mold. In 1909 a substan- 
tial frame house was built at one end of the old 
cabin, so that the ca^bin might be used as an 
entryway. A storehouse was erected about 30 
feet from the opposite end of the old house, 
and joined to it by a shed. This arrangement 
proved satisfactory, but it could have been im- 
proved in several details. The buildings are 
shown in Pliate VI, A. 

In designing a house for the Arctic regions 
it is desirable to plan to enter the living room 
through a series of compartments, so that the 
changes in temperature will be gradual. Thus 
the living room will not be chilled by a wintry 
blast every time the door is opened. The 
writer, after seven years' experience, suggests 
that one should enter first a shed, then an outer 
room, then a short passageway or entry into 
the house proper. The first room in the house 
should be the working room and the next the 
living room. If the outside temperature is 
—40° F. and the living room 70°, the working 
room may be kept at 40°, the passageway at 
30°, and the outer room at 0° F. 



The shed may consist of an open framework 
covered with canvas. In summer the f nmt of 
the shed is left, open ; in winter it is closed by 
shibs of ice, so as to provide a well-lighted out- 



door working place. Here the dogs may sleep 
and be fed, and wood be cut up for the stoves. 
It is convenient to have the door, which should 
open inward, arranged so that sleds may be 
taken in and out Then, during bad weather 
the sled may be loaded and the dogs hitched 
up under shelter. 

OTTTEB BOOM. 

The outer room may be built of driftwood or 
boards sodded over, or banked with snow in 
winter. It is used for storage of material 
which is not damaged by moisture and which 
must be kept away from the dogs. Firewood, 
ice for drinking water, barrels of provisions, 
and dog food are conveniently kept there for 
ready access. The entry to the house from the 
outer room is essential, because without it the 
outer cold will freeze the moisture which con- 
denses on the door, so that it frequently be- 
comes necessary to chip away the ice. If the 
entryway is kept only slightly below freezing, 
this difficulty will be lessened. 

Boirss. 

The house may be divided into a workshop 
and a living room, or there might be sleeping 
and dining rooms and a kitchen, if there is 
sufficient fuel to allow each rocHn a stove. 
The workshop may be warmed sufficiently by 
opening the door to the living room, but' un- 
less it has its own stove much frost will be 
formed along the base of the outside walls. 
This room should be sufficiently long for the 
construction or repair of the largest sleds used, 
and the doors leading into it should be so ar- 
ranged that the sleds may be taken in and 
out. 

The living room ordinarily combines kitchen, 
dining room, and sleeping room. If possible 
the bunks should be placed against the parti- 
tion, for if they are placed against the outside 
walls frost will form between the bedding and 
the walls. It is especially important also to 
keep the lower part of the outside walls free 
from all obstructions that will prevent access 
of the heat of the room, for unless this is done 
frost will form. 

The outside walls of the house must contain 
an air space. In the ordinary method of con- 
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stniction the studding is vertical, but' this ar- 
rangement allows convection currents to cool 
the lower part of the walls and cause the frost, 
which, gives so much annoyance in most Arctic 
houses. If vertical boards were fastened to 
horizontal beams the walls would be divided 
into small horizontal compartments. Thus 
the convection currents would not have so great 
a range, and the lower part of the walls would 
not be so cold. 

The boarding on each side of the studding 
must be air-tight, or else the damp air of the 
house will enter the air spaces in the walls 
and roof and deposit frost during the winter. 
This frost w^ill melt in the spring and drip 
down inside of the house. Additional insula- 
tion may be obtained by banking the house 
with sod, but this is not necessary if there is 
an air space in the walls and roof. In the 
winter the walls may be banked and the roof 
covered with snow blocks, which will make the 
house much warmer. 

In a region like the north shore of Alaska, 
where the w^inds are strong, there is no need 
of a high pitched roof. All that is necessary 
is a suiBScient slope to drain off water. 

The windows mav be either in the roof or 
in the sides of the house. Where storms are 
common the windows in the sides of the house 
may become buried by snowdrifts, so that it 
is preferable to have them in the roof. On 
the north shore of Alaska, however, the strong 
winds blow only east and west, so that the 
north and south sides of a house are free from 
snowdrifts unless there is some obstruction out- 
side of the house in the lee of which drifts 
may form. 

The windows should be double and prefer- 
ably of small panes for the sake of greater 
strength. During violent gales the inside pane 
of a large window containing three thicknesses 
of glass vibrated in and out almost a quarter 
of an inch. If the air in the house is damp 
there will be annoyance from the moisture de- 
posited at the base of even double windows. 
It is also difficult to make the space between 
the panes of glass air-tight, so that a film of 
frost is apt to be deposited over the outside 
pane in the course of a winter. To obviate 
this difficulty with frost it is desirable to have 
a strong framework into each side of which 
small panes of glass are inserted, so that each 



compartment is a small double window. This 
will reduce the scope of the convection cur- 
rents and make a very strong air-tight window. 
Putty is a dui*able cement for the glass if there 
is not too much moisture. Moisture is de- 
posited on the windows at night when the 
house is allowed to cool off. During the day 
the frost melts and runs down on the window 
sill, where it must be frequently mopped up. 
If shutters were arranged so that the windows 
could be insulated at night, the trouble from 
moisture would be greatly reduced. The shut- 
ters should be inside of the window, for the 
drifting snow would interfere with the acticm 
of outside shutters. 

The ideal equipment for heating an Arctic 
house would be a hot-air furnace in a base- 
ment. The floor of the living room would thus 
be warmed, and a current of dry, warm air 
might be introduced where it would be most 
needed — that is, along the base of the outside 
walla It is doubtful if there would be any 
annoyance from moisture with such a heating 
apparatus. The ordinary method of heating 
by stoves is unsatisfactory. The hot air goes 
immediately to the ceiling, so that the head 
may be uncomfortably hot while the feet are 
cold. An iron smokestack is a source of 
danger, and unless it is well insulated above the 
roof of the house by being inclosed in a box 
of sand a great deal of water will drip down 
each morning, when the heat melts the frost 
that has formed in the stack during the night. 
During gales the strong draft may ignite the 
soot in the stack and produce great heat^ as it 
did three times in the writer's house. The 
stovepipe became red hot and was in danger 
of collapsing. The fire was checked only by 
throwing snow down the pipe from the roof 
until the draft was stopped. 

As a well-constructed house should be air- 
tight, ventilation becomes important, not only 
that there may be fresh air for breathing but 
also for the sake of removing the dampness 
which accumulates both from breathing and 
from cooking. There is usually a sufficient cir- 
culation, inward through the cracks around 
the doors and outward through the stovepipe, 
to keep the air fresh enough for breathing but 
not to keep it dry. A ventilator, opening by 
a sliding door, is placed in the roof of some 
houses. Cold air that enters through the 
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cracks around the door not only forms frost 
where it enters but descends immediately to 
the floor and increases the coldness there. A 
great improvement on such a system of venti- 
lation would be to have fresh air piped to a 
receptacle surrounding the stove. A venti- 
lator which drew the cold air from the vicinity 
of the floor would be another improvement. 
In this maimer the air in the house might be 
kept fresh' and dry and the floor would be 
warmer. 

For light the writer used kerosene lamps, 
which were furnished with incandescent man- 
tles, and they proved to be very satisfactory. 
On some expeditions acetylene has been used 
with satisfactory results. As kerosene lamps 
would probably be taken along also for use in 
case of a breakdown, it would not -be advisable 
for a small party to encumber themselves with 
the apjMiratus necessary for acetylene light. ' 
Nansen used electricity derived from wind 
power, and in Nome gasoline is piped through 
small tubes to incandescent burners. Almost 
anv method of illumination can be used in 
the Arctic regions, but kerosene seems the most 
convenient for use at a temporary station. 

&AOX. 

• 

Such articles of the outfit as will not be 
damaged by exposure to weather may be stored 
out of doors on a rack. If the platform on the 
rack is 5 or 6 feet above the ground the struc- 
ture will not form snowdrifts, but the rack 
must be built in a place where there are no 
obstructions to . the wind, else it may be 
buried by snow. The writer's rack is shown 
m Plate VI, B. 

ICE CELLAB. 

As permanently frozen ground is always to 
be found at a depth of a few feet, cold storage 
can be easily provided by digging a hole and 
providing it with a cover. Such an excavation 
is very convenient for storing fresh meat, as 
anything placed in it will keep frozen in- 
definitely. 

FIELD EQUIPMENT FOR W^INl'ER. 

Winter travel in the Arctic is usually by dog 
sled, and the camps are made in tents or snow 
houses. A great deal of valuable information 



is given by Stefdnsson,* and the writer is in 
accord with nearly all that he has to say upon 
Arctic equipment. 

CAXP OEAB. 

The most important part of the camp ge^-r 
is, of course, the tent. A great variety of tents 
have been used on Arctic expeditions, but none 
of them appear to be comfortable and very 
few are safe in heavy gales. The first requi- 
site is the ability to withstand the strongest 
winds. After securing this quality, warmth, 
lightness, and ease of erection may be consid- 
ered. 

The tent used by the Eskimo on the north 
shore of Alaska is the warmest and safest that 
is known to the writer. On the other hand, it 
is heavy and troublesome to put up and take 
down. The framework consists of about 20 
light, curved willow sticks, which are stuck, up 
in the snow and lashed into a hemispherical 
form. Over this framework two thicknesses 
of light cloth are thrown. Snow is then shov- 
eled around the margin of the tent to hold the 
cloth in place. The low, rounded form and 
the numerous sticks enable this tent to with- 
stand anything short of a hurricane. The two 
light covers with the inclosed air space are 
many times as efficient in insulation as a single 
thickness of the heaviest canvas, so that at 
night the heat emanating from the occupants 
will keep the temperature notably above that 
of the air outside. 

As a rule, the sticks used bv the natives are 
of willow. They select straight sticks, 8 to 10 
feet long, peel the bark off, and bend them into 
the required curve. The sticks are then al- 
lowed to dry and the curve becomes perma- 
nent. Xo doubt bamboo would be stronger 
and lighter, and rigidity and lightness are re- 
quired rather than weight. 

In erecting the framework two parallel 
arches about 4 feet high are formed with four 
sticks. (See PI. VII, A,) If the sticks are 
bent to the proper curve there is no need of 
lashing these arches. Then four or five sticks 
are set up on each side of these arches, so that 
a system of arches is formed at right angles to 
the first. (See PI. VII, B,) These sticks are 

Stef&nsson, Vilhjfilmur, My life amoDg the Eskimo. New 
York, 1913. See also Am. Geog.'Soc. Bull., volumes for 1908 
to 1013. 
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then lashed to the first arches, as shown in 
Plate VII, C. The lashing is most conveni- 
ently done by doubling a stout piece of cord 
about 15 feet long. A slipknot in the bight of 
the cord is placed over the central part of an 
arch, and the' side sticks are lashed from the 
center outward, using each end of the cord. 
Next, a new arch is placed outside and parallel 
to each of the first arches, and lashed to the 
cross sticks in the manner described above. 
(See PI. VII, Z>.) Sixteen to eighteen sticks, 
weighing about 20 pounds, are sufficient for a 
tent 9 feet in diameter. 

The floor plan of the tent need not be round, 
for the sticks may be erected to form an oval 
or a nearly rectangular tent. 

The ordinary cover used is of boat drill, but 
the writer has used silk and closely woven tent 
stuff and finds them preferable. For a tent 9 ^ 
feet in diameter a sheet of cloth 15 feet square 
will be required. Such a cover of boat drill 
weighs when dry about 10 pounds, but as a 
great deal of frost forms in this cloth the 
weight after a few days of use approaches 20 
pounds for each cover. The total weight of 
the tent is thus about 60 pounds. Where light 
tent stuff is used each cover may weigh no more 
than 5 pounds, and as it is of tight weave only 
2 or 3 pounds of frost will adhere to it. Such 
a tent will weigh when in use about 35 pounds. 

When the covers'are in place over the frame 
the loose cloth at the comers and the trailing 
edges all around are folded under the edge of 
the tent. Then soft snow is shoveled around 
the margin of the tent to a thickness of about a 
foot and well tamped down. This snow will 
quickly harden and hold the cloth in place 
against severe winds. The completed tent is 
shown in Plate VIII, B (p. 24). 

A doorway may be cut in one side of the tent 
between two sticks, and the cloth brought 
around the sticks and lashed inside of the tent. 
A bearskin door is then arranged so that it 
falls down over the doorway and is supported 
by the two arch sticks on each side. Two lash- 
ings from the top of the skin are brought up 
inside of the covers and fastened to the frame- 
work of the tent. The bearskin, with fur in- 
side, by its own weight will completely close 
the doorway. 

A simpler method of entering the tent is not 
to cut the cloth but to leave the covers free 



from the snow at one place, so that they may 
be lifted from the ground. The loose cloth 
may be weighed dowh inside the tent with any 
convenient object. 

The writer does not recall the minimum* time 
necessary for erecting such a tent in winter. 
With one assistant the ordinary time to put up 
the tent and start the fire in the camp stove 
was 45 minutes, but frequently it has been done 
in half an hour when there was need for haste. 
In summer, with three assistants, this tent was 
put up in 7 minutes. Five persons sleeping in 
a well-made camp of this* kind will keep the 
temperature in the tent as* much as 50** F. 
above that of the air outside in calm weather. 

The writer has tried ccmical and square 
pyramidal tents, consisting of two thicknesses 
of cloth supported by a central pole. The walls 
were about 2^ feet high and the roof about the 
same. The inner tent was suspended so that 
it did not touch the outer one^ This tent was 
light and warm, but it was unsafe unless sur- 
rounded by a wall of snow blocks which came 
to the projecting eaves of the roof. It usually 
took an hour to get the tent ready for oc- 
cupancy. 

Where there is wood, as there is nearly every- 
where on the north shore of Alaska, a small 
sheet-iron camp stove is set up in one comer 
of the tent. The air inlet should be in the door 
of the stove to give the air better access to the 
center of the fire. The stovepipe need not be 
more than 3 inches in diameter. It should 
project above the highest part of the tent. It 
is advisable to have it made in one length 
of rather heavy iron so that it will not become 
bent in transportation. The ordinary thin 
jointed stovepipes are frequently so bent that 
it is difficult to join them even with.bare hands. 
There should be a damper to control the draft 
during gales. A slot may be cut halfway 
through the pipe and a disk of iron inserted as 
far as is necessarv. 

The writer is unable to describe the method 
of constructing the domed snow houses that 
are used by the Eskimos in Canada and Green- 
land. In Alaska the natives do not seem to 
have ever made them in that shape. Before 
the introduction of tents both the natives and 
the white men slept in rectangular snow houses- 
The prospector Ned Arey, who had been in the 
country for 25 years, described the process of 
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erecting these houses, so that the writer was 
able to construct the single snow house that 
emergency required. He had previously seen 
only one such house, which a native had built 
for use in trapping. 

In building such a house a rectangular pit 
is cut out of snow of the proper degree of hard- 
ness. It is not possible to make the house 
very wide, but it may be as long as is desired. 
The maximum width seems to be 7 or 8 feet. 
The blocks sawed from the pit are set up 
around the edge of the pit, so that an inwardly 
sloping wall abput 1^ feet high is formed. A 
gabled roof is then fonned over the pit by 
means of large slabs of snow cut to the re- 
quired length. This roof may be built by a 
single workman, if the first slab is propped 
at the proper angle by a gun or other article 
of camp gear. When the second slab is in 
place, half of it may be cut away so as to lea^ve 
a support for the third slab. Each new slab 
will then be supported by half of the previous 
one. When the roof is complete the gables are 
trimmed to a slope so that the ends may. be 
closed by tilted slabs. The cracks are then filled 
with soft snow, a hole is cut for a door, and the 
house is complete. 

A makeshift camp may be made by build- 
ing a wall of snow blocks and covering the 
top with a sled cover. Such a camp was used 
while occupying an inland station at a time 
when there were not enough dogs to haul the 
more comfortable t'ent. 

The most comfortable form of covering at 
night is a. sleeping bag made of winter caribou 
skin or, better yet, of mountain-sheep skin, 
with the hair inside. The sheepskin bags 
used by the writer weighed only 9 or 10 pounds, 
but in well-constructed camps he was always 
warm. The bag should be equal in length to 
the occupant, so that there will be plenty of 
'slack to fold around the shoulders. The 
leather must be as soft as chamois skin, else it 
will not fit snugly. It is well to have the 
mouth of the bag sufficiently wide to allow 
the occupant to sit on th(^ fur while undressing. 
The bag should taper toward the bottom, which 
should be circular. Some protection is re- 
quired between the ground and the sleep- 
ing bag, else the bag will become wet. even 
upon snow. A caribou skin laid with the fur 
down answers this purpose, and it adds greatly 



to the warmth of the occupant. The clothing 
must be removed before entering the sleeping 
bag, for otherwise moisture will be carried in, 
especially when wpolen clothes are worn, which 
are charged with frost. In Franz Josef Land, 
where everyone wore woolen clothes and slept 
with them on, in a short* time the bags became 
very damp. After a week or two it was pos- 
sible to squeeze water out of the fur, when it 
was thawed by the heat of the body. In 
Alaska, when the clothes were removed at 
night, the bags never became damp in the 
slightest' degree, so that a refreshing sleep was 
always possible. Only once, when the ther- 
mometer was at —50® F., were the writer's feet 
cold. 

An extended description of camp construc- 
tion under the various conditions that arise 
would take up too much space in a scientific 
report, but a few notes may be helpful. Where 
possible, pitch the tent on snow that is soft 
enough to allow the heel to sink into it a couple 
of inches. Hard snow is porous and cold, and 
softer snow is apt to get into the camp gear. 
On account of the stove it is convenient to dig 
a pit to the ground near the door of the tent, 
but the sleeping gear should always be spread 
upon soft snow. All kinds of bare ground 
are cold, especially gravel, which lets the cold 
air pass through from the outside. If snow 
blocks are cut out so as to set the tent up in a 
pit for safety, then soft snow should be shoveled 
in for the bed, and snow should also be tamped 
around the edges of the pit to fill any spaces 
under the crust through which cold air may 
enter. A log of driftwood placed at the foot 
of the bedding keeps away the Water from the 
snow which is melted by the stove. A flooring 
of pieces of driftwood between this log and the 
door soon becomes dry and adds greatly to the 
comfort of the tent If the tent is pitched on 
top of the snow, the stove may be supported 
by sticks under each end. A deep hole will 
be melted under the stove, but if the hole is 
filled with firewood it will not expand beyond 
convenient limits for a couple of days. 

Warmth and comfort are increased by build- 
ing an alleyway of snow blocks in front of the 
door. At ni^ht the allev mav be closed with 
a snow block or a piece of cloth and the floor 
of the tent will be warmer. If bad weather is 
expected, a wall of snow blocks should be set 
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up around the tent for protection. If they are 
set close to the tent, the Snow will drift in be- 
tween the tent and the blocks; this does not 
disturb a willow-stick tent, though it might 
break down an ordinary tent. If the wall of 
snow blocks is set up at a distance equal to the 
height of the tent, little snow will lodge in the 
circle, so that the dogs may sleep there in com- 
fort, and the firewood may be stored there. 

The jdoor of the tent should be at right angles 
to the wind, because a snowdrift forms over 
the lee side of the tent. When a native ex- 
pects to remain some time at one camp, he may 
build a snow wall higher than the tent and 
roof it over with snow blocks supported by 
driftwood. A slab of ice in the top admits 
light. Such a camp, with a good alleyway, is 
so warm that water will not freeze in it at 
nifht, and after a day or so, when the snow 
blocks have become frozen, it is safe in a hurri- 
cane. 

BOO 8LEDB. 

.The dog sled should have a bed about 10 
inches from the ground, and rails should run 
from bow to stem several inches above the bed. 
The bow of the sled should have a gradual rise 
from the ground for ease in overriding high 
snowdrifts or other obstructions. A steering 
bar at a convenient height above the stem is 
desirable, not only for guiding the sled but 
also for carrying the sled bag and other anall 
items. Pliability is a great factor in the ease 
with which a sled may be 'drawn. A rigid 
sled will plow through inequalities in the snow, 
but a pliable sled will bend with the irregu- 
larities. 

A sled maae with boards si&t on edge for run- 
ners is very strong, but on account of its rigid- 
ity it does not haul so easily as one with an 
open framework. The ordinary construction 
consists of stanchions set into a square runner. 
Crossbars are mortised into these stanchions 
and slats are fastened to the crossbars to form 
the bed of .the sled. A 10- foot sled of this con- 
struction, with a framework of oak or hickory 
about li inches square, if shod with steel one- 
sixteenth of an inch thick, will weigh about 75 
pounds. A load of 750 pounds may be safely 
carried over very bad roads. 

After the first vear the writer constructed 
his. own sleds and felt welLsatisfied with them, 
but when he saw the utility of the Nome sleds 



that were brought in by the Canadian Arctic 
Expedition all others seemed crude in com- 
parison. For 10 or 15 years skilled carpenters 
at Nome have vied in producing a sled which 
can stand the tests to which they are constantly 
put. There is no doubt that they have suc- 
ceeded in turning out a sled which is by far 
the best in the world. Weight for weight they 
will carry more load, haul more easily, and 
last longer than any other sleds. On his last 
remarkable trip Stef&nsson took a single Nome 
sled weighing ISO' pounds. This sled was 
loaded with about 1,200 pounds of gear and 
was taken with ease over rough ice, amidst 
which several sleds of other design and carry- 
ing lighter loads were quickly broken. 

Mild steel is considered the best shoeing 
for ordinary use. In travel for a long distance 
over salty sea ice a sled shod with ivory is said 
to run much more easily than one shod with 
steel. If ivory is used the runners must be 
rigid, or else the shoeing will be broken. The 
Eskimo formerly used the hard jawbone of 
the bowhead whale for shoeing, but this is not 
as good as steel. The Nansen sleds, which 
were used the first year, have wide wooden 
runners. On dry snow these go easily, but on 
salty ice they are almost immovable. Some of 
them were shod with a thin alloy, which gave 
less friction on the salty ice, but the metal was 
so soft that it was torn by the first sharp cake 
of ice that was struck by the sled. Nansen ob- 
jected to steel on account of its rusting. The 
same objection would apply to its use for most 
other purposes. A steel-shod sled that was 
left with the runners on the ground for a 
month in the spring ran easily after a few 
hundred yards, and after half a mile no rust 
wa5 noticed in the tracks. 

Where the route lies over cold, dry snow 
all kinds of sled shoeing offer considerable rcr 
sistance, but this resistance can be greatly re- 
duced by icing the runner. Here, again, a 
rigid sled is preferable, for the ice will break 
off from the shoeing of a pliable sled. It is 
inconvenient to ice steel shoeing, but bone, 
ivor\% or wood may be iced by filling the palm 
of the hand with water and passing it along 
each runner of a tilted sled. The natives taka 
a mouthful of snow, and when it has melted 
use this water. (See PI. VIII, A.) Such aix 
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icing is done in a few minutes and lasts per- 
haps an hour. 

The writer made some rough experiments as 
to the relative coefficient of friction between 
steel shoeing and the. same runners iced. The 
sled was about 6 feet long and shod with run- 
ners IJ inches wide, which were somewhat 
roughened by rusting. The traction was 
measured on common spring scales. The icing 
was formed by pouring water on the. runners, 
and it was not smoothed down by hauling the 
sled some distance before the measurements 
were made. The plotted tractions for differ- 
ent loads, the heaviest 350 pounds, ran in a 
straight line, and the resistance of the iced 
runners was about six-tenths of the bare steel 
runners. A load of 30O pounds required a 
traction of 44 pounds with steel runners and 
28 pounds with iced runners. 

DOG HARNESS. 

The simplest harness is that used by the 
Eskimo, which consists of two sealskin straps 
that run from the dog's hips along the back 
to the shoulders, where they are sewn together. 
They then pass on each side of the neck and 
are crossed at the chest where they are again 
sewn together. They are then brought inside 
5f the front legs and around each side of the 
body and sewn to the back straps over the 
hips. A single trace a few feet long leads 
to the towline along which the dogs are fas- 
tened. This harness is easily slipped on and 
off, but the straps are apt to cut the dog's 
shoulders. The sealskin has the disadvantage 
of being edible. 

A better harness consists of a pliable cir- 
cular collar of cloth with a single strap of w-eb- 
bing leading from the top of the collar to the 
dog's hips. Two other straps lead from the 
bottom of the collar between the front legs 
and around the bodv and join above at the 
hips. The trace is fastened, above the hips as 
in the sealskin harness. 

It is obvious that in this simple harness the 
dog can not pull to advantage. At Nome they 
fit a padded leather collar to each dog. Tugs 
lead from each side of the collar to a single- 
tree behind the dog, and the trace is fastened 
to the singletree. The tugs are kept in position 
by a loop which passes over the back of the dog 
and snaps together under his belly. 



The Alaskan Eskimo hitch their dogs in a 
single line along a central towline, but this is 
an awkward arrangement when there are many 
dogs. At Nome the dogs are hitched in pairs 
with* traces about 3 feet long. A short line 
leads from each dog's collar to the towline, so 
that they are kept in place. In many places 
in the interior, where the trails are narrow, the 
dogs are hitched tandem, between two long 
towlines. The Greenland Eskimo hitch each 
dog to the sled with a long trace, so that they 
are spread in fan shape. The leader is allowed 
a longer trace than the others; 

In all these arrangements it is best to hitch 
the dogs up with snap hooks. The hooks that 
close with a flat spring are most convenient, 
but they are very easily broken. Those that 
close by means of a sliding rod are stronger, but 
are apt to be clogged by frost. 

Where the trail is good and the dogs are 
well trained the tandem method is very good, 
but when one must use the average Eskimo dog 
it is sometimes difficult to untangle them after 
each halt. The same objection applies in less 
degree to the Nome method. In the method 
used by the Alaskan Eskimos there is the least 
difficulty ; in the method used in Greenland the 
snarling of traces is a constant annoyance. 

Wliere the trail is crooked, any method in 
which the dogs are strung out is objectionable, 
for the head dogs will pull the rear ones 
against obstructions when going around bends* 
If a hummock is encountered, the rear dogs in 
the tandem may be pulled to the ground as 
they mount over it. 

The writer has tried all these methods of 
hitching dogs and prefers that of Nome for 
ordinary travel. Over rough ice he finds the 
fan-shaped system to be preferable, because 
each dog is free to pick his own path. 

FIELD EQUIPMENT FOR SU3IMER. 
CAMP OEAB. 

As the conditions in Arctic Alaska in sum- 
mer are similar to those in regions that have 
milder climates, no special outfit is needed. A 
tent for the inland should be of light veight 
and mosquito-proof. The door may be a circu- 
lar hole in the front of the tent that has a 
sufficient width of cloth sewn around the edsres 
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BO that it may be gathered together at the cen- 
ter and tied. A cord run through rings 
around the edges of the loose cloth is con- 
venient. It is better not to have any door at 
all but to crawl under the wall of the tent. 
On the coast, where transportation is by boat, 
a heavier tent may be used. Here a camp stove 
is necessary for comfort during, cold gales. 

DOS PAOKSASDLEB. 

In traversing the interior, if canoes can not 
be used, it is necessary to pack the outfit, and 
for this work the natives make use of their 
dogs. A very simple packsaddle may be made 
by cutting a sealskin float halfway across the 
middle. The float is then bent over the dog's 
hack and has an open pocket on each side. A 
strap is sewn at the front to go around the 
dog's neck and two sliort straps are sewn on 
the under side of the saddle, so that they may 
be tied under the dog's belly. 

A good dog will pack half his weight all 
day, but he does not enjoy it. Dogs wliich 
were eager in a sled harness would slink 
away when the packsaddles were brought out. 
The saddles chafe them on the elbows, till they 
become raw or bleed. If there is a wrinkle 
in the material, the dog's back will become 
sore. The extra weight is also apt to make 
the animal footsore. Plate IX (p. 25) shows 
some native dogs loaded at the breaking up 
of an Eskimo camp. Pots and even tent poleb' 
are lashed to the packs to be dragged through 
the brush as best they may. 



A river canoe of tlie Peterboro type is not 
suitable for travel along the coast. Even in 
the lagoons the waves are often sufficient to 
swamp such craft The Eskimo skin canoe, 
the umiak, is seaworthy, and its shallow draft, 
together with its carrying capacity and light 
weight, make it especially adapted for use 
along shore. Two men can haul a 30-foot 
canoe out on the beach, or even one man, by 
taking it on broadside, end by end. These 
canoes sail well with the wind aft of the beam, 
but as they are without keel or centerboard, 
they can not beat against the wind. 

Many of the natives possess whaleboats, 
vhich they have bought from the ships. These 



boats, about 30 feet long, are swift, even when 
close-hauled, and they can navigate in almost 
any weather, but their weight and draft of Ij 
feet make them unfitted for coastal travel 
where many camps are made. As a rule they 
are anchored out while the party is in camp. 
Where a safe harbor is found, there is of course 
no danger in this, but boats anchored in ex- 
posed positions have often been broken by 
drifting ice or driven up on the beach by gales. 

The best form of open boat for use along the 
north shore of Alaska is a dory with a center- 
hoard. These boats have great carrying ca- 
pacity with shallow draft. They are speedy 
with leading winds; they can make fair prog- 
ress when beating against the wind ; and they 
are acknowledged t6 Be among the best in sea- 
worthiness. They can be beached in a heavy 
surf, and as they are flat bottomed they may 
be brought broadside to the beach for ease in 
loading and unloading. They are so light that 
they may be easily hauled out. The writer, 
unaided, put his 27-foot dory up on the bench. 
A whaleboat of half the capacity requires half 
a dozen men. 

Small motor boats would probably be useful 
for trips between known harbors, but for gen- 
eral exploratory service the writer does not 
think them suitable. They draw too much 
water and are so heavy as to be difficult to haul 
out. They can not sail, nor land in a surf, so 
that any engine troubles may bring disaster. 
No boat should be used in the Arctic regions 
which can not be relied upon to make the land 
in offshore gales. Sooner or later a helpless 
motor boat will bring up against the ice puck 
and be wrecked, if it is not previously 
swamped. 



Fresh meat of some kind may be obtained in 
the country, so that it is not necessary to bring 
in canned or preserved meats, except bacon 
and salt pork. The appetite usually calls 
for an increased amount of fat in the diet, and 
as the seal and whale oil of the country is 
distasteful to most white men it is advisable 
to bring in plenty of butter, bacon, and sjilt 
pork. Oleomargarine does not deteriorate as 
butter does, and though it may not be iis pal- 
atable as freshly made butter, it is jirobiibly 
better than most of the butter that reaches 



northern Alaska. The writer used it for two 
or three years with aatisfaction. Bacon should 
be sealed from moisture, else it will spoil. 
Bacon that was double-smoked and packed in 
salt was always slightly tainted by the time 
it reached headquarters. The Canadian Arctic 
Expedition brought in a well-known brand of 
bacon which was incased in an air-tight com- 
pound. This bacon was delicious a year after 
it entered the country. Salt pork may be 
carried in the dry form known as " salt sides " 
or it may come in brine. As the fat is the 
part deared, the lean meat should be excluded. 

Flour is not easily damaged by the elements, 
so it may be stored under canvas upon a rack. 
Sugar, of course, needs protection. Commeal, 
oatmeal, and most of such foodstuffs are 
spoiled by dampness. A very slight wetting 
will cause fermentation and subsequent mold, 
so that a whole sack is ruined. 

The unsweetened form of condensed milk 
is curdled by freezing. It is said that the 
^)Oiled milk may be improved by warming it 
and stirring it with an egg beater, but the 
writer had no success in thia. After several 
freezings the milk will he reduced to a mass 
of curdles with only a few drops of fluid, 
which, however, may be used in cooking. 
Dried milk is a very good form. 

There are several methods by which it is 
said that frozen potatoes may be made pala- 
table, but in the writer's experience all of them 
fail to remove the sweetish taste. Dried Aus- 
tralian onions do not seem to lose flavor by 
freezing, and they are much relished. It is 
said at Nome that all sorts of canned fruits 
are damaged by being frozen. Where unfrozen 
fruit is at hand for comparison, the difference 
may be apparent, but it was not apparent to 
the writer where all the fruit had been frozen. 
Tomatoes become watery, but the flavor seems 
unimpaired. 

There arc brands of dried fruits on the mar- 
ket which rival fresh fruit in flavor. Khubarb 
and cranberries put up in air-tight tins will 
keep their flavor indefinitely. Many people 
use evaporated potatoes and onions, but the 
writer prefers rice to the former and dried 
Wiions to the latter. Evaporated eggs are on 
the market but are not palatable. They may 
be of use in cooking. 



CLOTHING TOR WINTER. 

On the Bftldwin-Ziegler expedition the 
writer wore woolen clothes,, and as his vitality 
was strong' he managed tp keep warm after a 
fashion. Xansen has expressed the opinion 
that fur clothes are too warm, and this opinion 
has been accepted as final by many explorers 
who have not had an opportunity to study the 
question independently. 

A vigorous man may be comfortable during 
the winter in woolen clothes while in action, 
but the minute he stops to rest he will become 
chilled. As his circulation must be good, he 
will perspire when he is in action. This mois- 
ture penetrates through the pores of his clothes 
until it comes near the outside, where it is con- 
densed as frost. Thus the clothes become stiff 
and heavy unless there are means of drying 
them frequently. The weight of the clothes is 
great to begin with, and they become unwieldy 
when the frost accumulates. 

According to the writer's experience on the 
Baldwin expedition, when living at headquar- 
ters, where it was possible to dry out every 
night and to refresh himself by a warm night's 
rest, woolen clothes were sufficiently warm for 
outdoor work. If h^ became chilled from in- 
action, a short run would bring a glow of 
warmth. There was always the consciousness, 
however, that if he should become lost he 
would freeze to death as soon as he became too 
tired to keep on his feet. On extended sled 
trips tlie constant drain on the vitality was 
such that he could not become really warm 
even by running. In returning to camp with 
empty sled after having hauled provisions to 
an advanced depot, if he was too tired to run 
with the dogs but rode on the sled, his legs 
would often be so cold as to ache. 

With good fur clothes he has hardly ever 
felt the slightest sensation of cold in the sever- 
est weather. At first the clothes are uncom- 
fortably warm, so that one perspires freely, hnt 
after a few months the skin becomes accus- 
tomed to the heat, so that a man in good 
physical training will perspire much less than 
when dressed in woolen clothes. At first the 
fur stockings which the writer wore were soak- 
ing wet from n single day's travel, hut after 
several years' experience his stockings would 
be comfortably dry even after three days. 
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On the upper part of the body a light fawn- 
skin shirt is worn with the fur next to the 
body. A similar shirt is worn over this one, 
with the fur outside. When the snow is drift- 
ing, a light silk or cotton shirt is worn over 
all, to keep the snow out of the clothes.* The 
writer preferred to wear a sleeveless woolen 
undershirt next to the skin, but this is objected 
to by others. Between the body and the inside 
fur shirt there should be nothing which will 
keep the bodily heat away from the fur. 

These fur shirts are furnished with hoods 
which fit tightly around the face. There is 
usually a fringe of long fur, such as wolverine 
or wolfskin, around the opening to the hood. 
This fringe is supposed to keep the wind from 
the face, but fashion is one of the chief reasons 
for this decoration. These shirts are not open 
in front but are slipped on over the head and 
they are made full, so that they fall outside 
of the breeches, about halfway to the knees. 
In cold weather shirts are confined to the waist 
by a belt, but when the wearer is warm from 
exercise the belt is taken off. This allows the 
cold dry air to circulate inside of the clothes, 
so that the body is cooled off. The dampness 
of the body is carried off by the dry air, so 
that there is no trouble from moisture, except 
perhaps at the shoulders, where the air does 
not have access. In winter, after a day's travel, 
the fur on the inside shirt is so dry as to sparkle 
with electricity. The dryness persists chiefly 
because the outer shirt keeps the inner one so 
warm that no frost is formed. The damp air 
can not penetrate the leather to any extent, and 
so it does not reach withinthe influence of the 
cold. 

The sleeves of both fur shirts should bo 
large enough to allow the arms to be drawn 
inside, to warm them next to the body. This 
freedom of movement may save the hands from 
being frozen when a mitten is lost, and when 
the wearer is out in a blizzard it adds greatly 
to his comfort. 

The inside shirt should be preferably of 
caribou fawn skin, with the hair not much 
over half an inch long. The weight should 
be 2 1 to 3 pounds, and the leather should be as 
soft as chamois skin. The outer shirt may be 
heavier, if short-haired skins are not available. 
The skin of Dall's mountain sheep is better 
than that of caribou, as it is lighter and more 



durable. Two fur shirts will suffice for each 
winter, but toward spring ttey become some- 
what worn. 

A skull cap of some warm material, worn 
inside of the fur hoods, is almost necessary in 
order to keep the forehead warm. 

The fur breeches are preferably of short- 
haired adult caribou, and they may be either 
full length or reach below the knees. For 
either length a puckering string is necessary 
to keep them in place over the stockings. The 
belt may be inserted ' through slits in the 
leather. The breeches are worn with the fur 
next to the body. For the sake of cleanliness, 
light cotton breeches may be worn outside. 
A second pair of breeches with fur outside 
would keep the clothing drier, but these would 
be cumbersome. The heat of the body keeps 
the fur dry, but frost condenses against the 
leather. In a warm place this frost melts and 
wets the leather, but it quickly dries out. 

The fur stockings are of knee length or 
shorter, according to the length of the breeches. 
They may be of caribou or sheep skin, prefer- 
ably short-haired, but if the hair is too long it 
may be clipped short with scissors. Like the 
other garments, they are worn fur inside. 
Light woolen or cotton socks may be worn next 
to the foot, as the fur can not easily be washed. 
It is necessary to put in a new fur sole when the 
old one becomes matted. The stockings run up 
under the breeches and are securely fastened 
by the puckering string, which keeps damp kir 
from escaping to deposit frost against the. boot- 
leg. In very cold weather a person with ten- 
der feet' may wear a slipper of thin fur, large 
enough to be drawn over the stockings. 

The boots come to the knee and fasten with 
draw strings. For travel inland, where the 
snow is dry, the best boot has soles of bull 
caribou and uppers made from caribou legs. 
The soles are worn hair inside; the uppers may 
have the hair either in or out. For travel 
over sea ice, which is usually salty, soles of 
the hide of the bearded seal are the best which 
can be obtained in the country. Insoles of 
some kind must be worn for warmth and dry- 
ness. These insoles may be made of several 
thicknesses of blanket sewn together into shape 
or be made of grass or shredded rope. 

A complete suit of such furs should weigh 
11 or 12 pounds and should be warm enough 
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to enable the wearer to weather the severest 
storms. It is possible to sit out all night with 
no more discomfort than can be relieved by 
occasionally getting up and stamping one's 
feet a. bit. With woolen clothes, the loss of 
heat seems to make the wearer sleepy, and if 
he is unable to keep, awake he may be frozen 
to death. With fur clothes this sleepiness does 
not seem to come ; at least the writer has never 
heard of it. The natives who are sometimes 
forced by the weather to stay out all night sit 
down, pull their arms inside of their clothes, 
and doze away until morning. If the wind 
is drifting the snow, they may. make a small 
snow house with their hunting knives. 

CLOTHING FOR SUMMER. 

The ordinary clothes of milder climates are 
suitable for summer wear. It is advisable, 
however, to take along an old fur coat for 
warmth in camp or during long boat trips, be- 
cause after wearing fur clothes one is easily 
chilled. 

The Eskimo water boot is one of the best 
known to the writer. It is more waterproof 
than anything else except the rubber boot and 
is very light. Sufficient stockings may be worn 
to keep the feet warm. Insoles are necessary 
for both warmth and dryness. The only ob- 
jection to these boots is that the soles wear out 
in about a month unless patches are sewn on. 
To make a water-tight patch is difficult, so that 
work is usually left to the native women. The 
boots ordinarily on sale in settlements like 
Nome are made of poor leather and go to pieces 
in a short time. The best soles are made from 
the skins of the native canoes. These skins 
have been well cured, so that soles made from 
them will not shrink or quickly lose their 
shape. Bearded seal skins are considered the 
best, though white whale is locally used. The 
boots from Bering Sea are mostly made of 
walrus hide, but this material does not make 
a good sole. 

MISCELLANEOUS ITEMS. 

Guns should have powerful action and be 
easily cleanable. All grease should be removed 
from the works when cold weather sets in and 
the gun should be left outside the house. If a 



gun is carried inside it becomes at once heavily 
coated with frost, which melts and runs into 
the works. If the gun should be taken out- 
doors before this moisture is removed the 
freezing will clog the action. After the lubri- 
cation has been removed the action is very stiff. 
Automatic guns are nearly useless under these 
conditions. The standard rifles that are sold 
in the United States are used by the Eskimos, 
who find them satisfactory. Some of the 
higher priced foreign rifles were brought in 
by the Canadian expedition, and their simple 
mechanism was an advantage. It is not good 
economy to pay a high price for a rifle or shot- 
gun which is subjected to such hard usage in a 
damp climate. 

For the north shore of Alaska gill nets of 
S^-inch mesh and 5 or 6 feet deep by 100 feet 
long are an important part of the outfit. 
Seines would be useful on some of the rivers, 
but gill nets will serve the purpose. Ordinary 
woodworking tools should form a part of the 
outfit. For iron work there should be an 
abundance of files, hack-saw blades, and drills. 
The combination of vise, anvil, and bench drill, 
which is on the market, would be a valuable 
addition. Where there is work to be done on 
engines a much more complete outfit is neces- 
sary, but the tools mentioned above will suffice 
for the ordinary iron work. 

For cutting snow blocks an ordinary ripsaw 
with large teeth which have been given a 
strong set is very efficient. For trimming the 
cut blocks a 12-inch butcher knife is best used. 
In constructing a comfortable camp there is 
much snow work, so that th6se tools should be 
included in the sled load. An iron miner's 
shovel is also useful in making camp on hard 
snow. 

SCIENTIFIC EQUIPMENT. 

Astronomical instruments. — ^During the first 
two seasons latitude and time were obtained by 
means of a small altazimuth, made by Gaert- 
ner & Co., of Chicago. The 6-inch horizontal 
circle was read by verniers to 30"; the 5-inch 
vertical circle by micrometer microscopes di- 
rectly to 10" and by estimation to 1". After 
some practice the latitude observations showed 
a probable error of dhl.8" for a set of four 
pointings, two direct and two reversed. As 
the vertical circle was fixed the graduation 
errors could not be eliminated. 
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During these two years occultations were ob- 
served through a 2-inch Bausch & Lomb prism 
telescope. The reflections from the prisms 
caused so much diffused light that they were 
taken out and the image viewed directly. 

The observations during the first winter 
were timed by a sidereal watch, compared be- 
fore and after with the ship's chronometer. 
The same chronometer, regulated by sidereal 
time, was used in the observatory during the 
second winter. 

On the writer's return to civilization in 
1908-9 a special universal instrument was 
made for him by Gaertner & Co. The base 
was circular and split, so that the upper half 
would revolve around the lower. Firm clamps 
held it at any desired position. A telescope of 
the broken type carried a 2-inch lens of 12- 
inch focal length. There was not time to have 
a lens ground to suit the instrument, so that of 
the Bausch & Lomb telescope was used. This 
lens, even when stopped down to 1 inch, gave 
such faulty images that it was taken out and 
the lens of the theodolite, a IJ-inch lens by Pet- 
titdidier, was cemented into the seat. The 
eyepiece of the micrometer had a value for one 
turn of about 170" ; the lever, for each division, 
a value of about 3". 

With this instrument the probable error of 
an observation for latitude upon a single pair 
of stars, was about dbO.6". In observations 
for time on sets of four to eight stars the error 
was from ±0.16" to ±0.04". A single azi- 
muth set of four pointings on star and mark, 
in both direct and reversed positions, gave an 
error of about ±1>5". 

A Negus break-circuit sidereal chronometer 
and a small chronograph made by Gaertner 
& Co. were also purchased in 1908-9. This 
chronograph ran at a rate of about 1 centi- 
meter a second. An excellent 3-inch telescope 
by Pettitdidier completed the new astronomical 
equipment. 

The observatory was merely an open-topped 
shelter, built of boxes and snow blocks. 

Geodetic instrwments. — ^During the first two 
years the altazimuth was used for determining 
horizontal directions, but the results were of a 
low grade of accuracy. A new horizontal cir- 
cle was fitted to the instrument in 1908-9. This 
circle was 8 inches in diameter and was read 
by two verniers to 10". 



An instrument for carrying a micrometric 
stadia traverse was designed and constructed 
by Gaertner & Co. The telescope had a focal 
length of 12 inches and the micrometer a value 
for one turn of about 170". Both the vertical 
and horizontal circles were read bv verniers to 
1'. This instrument was mounted on a tripod 
with a Johnson head. 

The writer decided to control the topog- 
raphy by triangulation rather than by traverse, 
so he constructed a more powerful instrument 
by combining the altazimuth and the traverse 
instrument. The broken telescope of the alt- 
azimuth was unsuited for good work, -so the 
wyes of this instrument were sawed off and 
those of the traverse instrument were lashed 
in their place with wire. To obviate the diflS- 
culty of adjusting disarranged verniers in the 
field, the micrometer microscopes of the 5-inch 
vertical circle were fitted to the 8-inch hori- 
zontal circle with wire lashings. The theodo- 
lite thus constructed gave satisfactory results, 
with careful handling. The weakest point lay 
in the instability of the microscopes. 

Topographic instruments, — A small plane 
table with telescopic alidade, made by Gaert- 
ner &.Co., was carried on the first field trip. 
This instrument proved to be too heavy to 
carry in addition to the share of the camp 
equipment and food that fell to the observer* 
Thereafter a light board mounted upon photo- 
graphic tripod was used. The alidade was a 
simple ruler with folding sights. During the 
second trip to the region Mr. Brooks, of the 
United States Geological Survey, loaned the 
writer a stenometer. This instrument con- 
sisted of a prism monocular with a split objec- 
tive whose halves were moved by a micrometer. 
Distances could be carried by this light instru- 
ment with sufficient accuracy for the scale of 
the map. Where traverses were paced, the 
steps were recorded by pedometers. Those 
possessed by the writer were of poor design, for 
although the units were easily determined, the 
hundred marks were so close together that a 
slight amount of lost motion introduced con- 
fusion in the readings. 

Several azimuth surveying compasses were 
included in the outfit, but they were never used 
in detailed work. A very few bearings were^ 
taken with an ordinary pocket compass while^ 
making the sketch maps of the coast. Orien- 
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tation in this class of work was usually deter- 
mined by the direction of the snowdrifts. 

MUcelkmeous instruments, — Capt. Mikkel- 
sen secured a light sounding machine in Den- 
mark. Although it weighed not over 50 
pounds it could reach depths of nearly 700 
meters. In the meteorologic outfit there were 
the ordinary thermometers and aneroids. Dur- 
ing the first year, when systematic observa- 
tions were taken, there was no anemometer. 
In 1909 the writer secured an instrument of 
the windmill type for measuring velocities for 
short periods. This instrument was used only 
during exceptionally high winds as a check 
against overestimation of the velocity. 

Notes on observing in cold weather, — In 
manipulating instruments it is necessary to 
use bare fingers, and therefore all adjusting 
screws should be insulated. If the instruments 
are made to order it is well to have the heads 
of the adjusting screws made of fiber, but 
metal heads can be wrajpped with surgeon's 
tape, which will serve the purpose. After 
some difficulty with spider webs, which broke 
or buckled in the cold, the writer had all cross 
lines ruled on glass. All ordinary lubrication 
must be removed from the instrument. There 
may be some lubricating compound which will 
not freeze at —40°, but the writer has not 
been able to find one. 

As only the end of the thumb and first finger 
must be free, thin woolen mittens were used, 
which protected the rest of the hand. These 
mittens kept the fingers pliable for a longer 
period than when the whole hand was bare. 
A large pair of caribou-skin mittens were put 
on over the thin mittens when the hands were 
not in use. 

As the wood of a pencil is noticeably cold, 
the pencil should be wrapped in cloth or held 
in tJie mouth. The notebooks are also cold 
and awkward to handle, so it is well to use 
single sheets of paper fastened to a board. If 
observing is done at night t;he fingers may be 
kept pliable for a greater length of time by 
holding them against the globe of the lantern. 
Before a series of observations is completed 
the fingers may grow too stiff to make the re- 
quired adjustments, but by means of the lan- 
tern they may be rendered pliable enough to 
finish the set. When the hands get too cold 



for further work the big mittens must be put 
on and the arms slapped across the chest until 
the hands are warmed again. It is well to let 
the hands get as cold as possible during the 
preliminary adjustments, for when they are 
warmed the glow lasts for some time. 

If possible, the observations should be broken 
up into brief units, so that the hands may be 
warmed without disturbing the sequence. In 
observations for azimuth the hands are warmed 
while the striding level is becoming steady, and 
in obsenations for latitude and time there are 
intervals of waiting for stars to come into po- 
sition. In observing horizontal directions 
with a theodolite there is no natural pause, ex- 
cept at the end of each set of direct and re- 
versed measurements. However, continuous 
observations can be made by using alternate 
hands and by keeping one fur mitten on all 
the time. The telescope is pointed with the 
left hand. Then the warm fur mitten is 
shifted to that hand and the microscopes are 
set with the right hand. The recording is also 
done with that hand. When the set is finished 
the hands may be thoroughly warmed before 
commencing the next set. 

The observatory need be no more than an 
open-topped shelter for protection from the 
wind. If this shelter is away from all build- 
ings which may disturb the air currents, hardly 
any snow will lodge inside, even when the air 
is full of drifting snow for a hundred feet or 
more. During a whole winter not more than 
a few inches will accumulate inside the shelter, 
so that the instrument, if well covered, may be 
left in the observatory during the period of 
observations. 

If bull's-eye lanterns are used for illumi- 
nating the telescope and azimuth mark, the 
heavy oils will freeze, so kerosene must be used. 
As the lamp warms up, the flame will rise and 
smoke the globe or melt the solder, unless it is 
watched. If the lamp is turned very low at 
the start, there wiH be the least difficulty. For 
all but exceptional temperatures ordinary 
brands of kerosene will bum in a lantern, but 
sometimes the oil becomes too stiff to flow, so 
that the lantern goes out. If the oil reservoir 
were wrapped with cloth, this accident would 
probably not happen. 
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COHSTRirCTIOH OF THE XAPS. 

Before going into the Alaskan field the 
writer had had a little experience in explora- 
tory mapping in Franz Josef Land. This ex- 
perience was of use in making the sketch maps 
of the north shore of Alaska, but for the large- 
scale detailed map the whole subject had to be 
mastered from the beginning. Therefore not 
so much work was accomplished as an experi- 
enced man might have done in the same time. 

While investigating the geology of the in- 
terior, a map was constructed as a base on 
which to plot the distribution of the forma- 
tions. An area about 70 miles square is shown 
on this map (PI. I, in pocket), on which the 
major details are drawn as well as the experi- 
ence of the writer would allow. 

As a survey of the coast line would be of 
great use to navigation, it was decided to de- 
vote the chief attention to this work. 

The area under investigation occupies an 
isolated position, so that all the elements which 
enter into the construction of a map had to be 
determined. Astronomical observations were 
made for the latitude and longitude of the in- 
itial station and for the azimuth of one of the 
lines. Then a triangulation was made for the 
control of the topography, which was drawn 
upon detached sheets as opportunity occurred. 

The area mapped by the writer in the in- 
terior is about 70 miles square, and the scale 
is 1:250,000 or about 4 miles to 1 inch. (See 
Pis. I and II.) About 150 miles q{ coast line 
was mapped on a scale of 1 : 125,000, or 2 miles 
to an inch (Pis. IV and V, in pocket), and 
about 300 miles on a scale of 1 : 1,000,000, or IG 
miles to an inch (PI. Ill, in pocket). 

ASTRONOMICAL OBSERVATIONS. 

Before starting on the Baldwin-Ziegler polar 
expedition in 1901-2, the writer spent some 
time at the office of the United States Coast 
and Geodetic Survey, where among other 
things he gained experience in making ob- 
serv^ations with a transit for time. This work 
consequently was not new to him when he went 
to northern Alaska, but he had never pre- 
AHouslv taken micrometric azimuth or latitude 
observations. 



The programs for the observations were 
taken from the publications of the United 
States Coast and Geodetic Survey. These pro- 
grams were slightly altered for the sake of 
overcoming the special conditions under which 
the observations were taken. The observations 
for time and latitude were naturally divided 
into short observing periods with rests be- 
tween and so could be carried out as rapidly 
in cold weather as in warm. The program 
for the azimuth observations was arranged so 
that the hands could he warmed while the level 
was becoming quiescent. 

OBBEBYATIOVB FOR LATXTITDX. 

About 55 observations for latitude were 
made upon 20 pairs of stars by the zenith- 
telescope method. The pairs were selected 
from the American Ephemeris and conse- 
quently consisted of stars having well-deter- 
mined positions. A few stars that came into 
the field of the telescope during the observations 
were pointed upon and later identified and 
used in the calculations. The limit of time and 
difference of declination adopted by the United 
States Coast and Geodetic Survey for high- 
power telescopes were extended to half an 
hour in time and half a degree or more in 
declination. As the eyepiece of the writer's 
broken telescope was firmly held by the sup- 
porting Y, four pointings on each star were 
made instead of only one, with an increase in 
accuracv. 

Great care was taken to protect the latitude 
level from the heat of the observer's body. A 
cardboard disk was placed in front of the level 
so that direct radiations from the face would 
not strike it. The reading lamp was never 
brought within 4 feet of it. 

Field calculations were made by using ex- 
trapolated values given in an ephemeris of 
tl>e previous year. The final calculations were 
made by Miss S. Beall, .of the United States 
Coast and Geodetic Survey. All the observa- 
tions were calculated for a single micrometer 
value, but as the writer was compelled to take 
the eyepiece out several times during the period 
of observations for the purpose of removing 
the accumulated frost, each change introdiic _ 
a different value. With an objective qf Q9&'» 
12 inches focal length a very slight 'cnange" in 
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the position of the micrometer diaphragm in- 
troduces a considerable change in the value 
of one turn. By dividing the observations into 
four groups and using four values instead of 
one, the probable error was made smaller, but 
the mean was unchanged. 

The value used by the United States Coast 
and Geodetic Survey for one-half turn was 
85.346". Those used by the writer were 
85.397", 85.244", 85.211", and 85.346". The 
Coast and Geodetic Survey's probable error 
for the result is itO.ll", and the writer's is 
±0.08". For a single observation the Coast 
and Geodetic Survey gives ±0.8" and the 
writer ±0.6". 

Below are given the results, by pairs, of the 
observations, which have been corrected for 
micrometer values by the writer. 



Post A is 54 meters south of pier II, the 
permanent latitude station. 

The correction to the latitude of post A is 
+1.8", which gives a deduced latitude for the 
the permanent station of 70° 11' 10.0". 

The difference of 2" between this value and 
that found by the zenith-telescope method, is 
jnobably due to errors in graduation of the 
vertical circle of the' altazimuth. 

A few astronomical observations were made 
in other localities with the altazimuth before 
it was decided to control the surveys by tri- 
angiilation. 

At Ned Arey's house, in the Okpilak-Hula- 
hula delta, the latitude by 16 observations on 
north and south stars was found to be 70° 04' 
49.2" ±0.8". In the bed of the creek that en- 
ters the Hulahula^ from the east,* just north of 



Observations for latitude. 



Name of pair. 



o 
55 



1 
2 
3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 



a Uraae Majoris; X Pegasi. . . 
a Uraae Majoris; r P^faai . . . 
a tlrsae Majoris; p P^:asi. . . 

A Tauri; 17 Draconie 

$ Tauri; w Draconis 

S Draconis; Pollux 

S Draconis; 60 Geminorum. 

5 Draconis; 64 Geminorum. 

6 Draconis; 59 Geminorum. . 

6 Draconis; 65 Geminorum. . 
11 Ursae Minoris; o Persei. . , 

7 Ursae Minoris; ^ Persei . . . 
II Ursae Minoris; | Persei. . 
7 Ursae Minoris; o Persei . . 

X Aurigae; ^ Draconis 

X Aurigae; \f^^ Draconis 

Polaris; 17 Ursae Majoris 

t Cassiopeiae ' c Bootis 

48 Cephei; m* Bootis 

a Draconis; 5 Ursae Minoris. 



Num- 
ber of 
obser- 
vations. 



2 
2 

'2 
9 
4 
•7 
.5 
2 
1' 
1 
4 
6 
2 
1 
1 
1 
2 
1 
1 
1 
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70 11 12.6 
12.8 
12.2 
12.4 
12.3 
11.6 
12.1 
13.2 
11.7 
12.5 
11.8 
11. 6 
12.0 
13.2 
11.3 
12.8 
11. p 
11.8 
11.4 
J2.7 



0.8 
0.2 
0.4 
0.3 
0.4 
0.1 
1.2 
0.3 
0.5 
0.2 
0.4 
0.0 
1.2 
0.7 
0.8 
1.0 
0.2 
0.6 
0.7 



a.36 
0.64 
0.04 
0.16 
0.09 
0.16 
0,01 
1.44 
0.09 
0.25 
0.04 
0.16 
0.00 
1.44 
0.49 
0.64 
1.00 
0.04 
0.36 
0.49 



w 



1.5 
1.5 
L5 
8.0 
5.0 
3; 5 
3.0 
L5 
0.7 
0.7 
5.0 
4.0 
2.0 
1.3 
1.3 
1.3 
3.0 
1.3 
1.3 
1.3 



48.7 



w4> 



3.9 
4.2 
3.3 
11.2 
11.5 
5.6 
6.3 
4.d 
1.2 
L8 
9.0 
4.6 
4.0 
4.2 

3.6 
3.0 

3.3 
1:8 

5.2 



99.2 



vv 



:i 



0.54 

0.06 
J. 28 
0.45 
0.'56 
0.03 
2.16 
0,06 
0.18 
0.20 
0.64 
0.00 
1.87 
a.64 

0. te 

0.00 
3.39 
a 47 
0.64 



14.96 



0=70° IV 12.04'^±0.08^^ 



During the winter of 1906-7 latitud6'obser4 
vations were made with the small altazimuth. 
at. post A, about 60 meters south-southwest 
of pier II, which was used later for the more 
accurate observations. The observations were 
all taken at culminsftion, and on only one night 
were they secured on stars both above and 
below the pole. 

16844^—18 3 



tjie fountains, the latitude found by observing 
Polaris ex meridian was 69° 30' 00'' ±05''- A 
short distance above the forks, at the head- 
waters of the same river, it was found^l^ the 
name method te *be 68^ 51' 20'' ±05^'.. The 
."southwest' peak of Mount Ohamberlin- was 
roughly in azimuth N. 25° 14' W. from this 
place. 
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Observations for latitude with the altazimtUh at post A, 



Date. 


Star. 


Num- 
ber of 
obeer- 
vatlonfl. 


• 

Latitude. 


Proba- 
ble 

error 
for 

night. 


w 

1 
2 


w^ 


V 


v» 


IDV^ 


Dec. 26, 1906 

Jan. 1, 1907 


PolariflN 


8 
8 
8 
4 


o / // 

70 11 07. 6 
09.1 

} 07.9 


±2.9 

±L8 

/ ±1.2 

I ±1.7 


// 

07.6 
18.2 

31.6 


0.-6 
0.9 

0.3 


0.36 
0,81 

0.09 


0.36 
L62 

0.36 


do 


Jan. 20. 1907 


do 


Do 


a Casaiopeiae S 




7 


57.4 


2.34 



Resulting latitude for poet A=70* llf 08. 2^'. 
Probable error of »«± J^ ^'^l^^^ =±0.3"^ 
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OBSSXYATIOVB FOB TIME. 

The observations for local time during the 
years 1906-1908 were made with the small 
altazimuth instrument previously described. 
During the first year a sidereal watch was 
used for noting the time, and this was com- 
pared, before and after the observajtions, with 
the ship's chronometer. During the second 
winter this chronometer was regulated to keep 
within a few seconds of sidereal time in the 
house, but its temperature coefficient was so 
great that if had a rate of about 25 seconds in 
the observatory, where the temperature varied 
between —13° F. and —31'' F. Here the time 
was noted by the ear. 

The time obtained by using the watch could 
not be brought within less than a wh(de second 
of error, but by using the chronometer a prob- 
•able error as small as +0.2 second was some- 
times obtained. 

During the years 1909-1912 a Negus break- 
circuit sidereal chronometer, well insulated, 
was used, and the time was recorded upon a 
small chronograph. The observations were 
made with the universal instrument of 12-inch 
focal length. The accuracy thus obtained, as 
.calculated by Mr* Duvall, of the United States 
Coast and Geodetic Survey, for the longitude, 
runs from ±0.04 second to ±0.16 second, 
according to the number of the stars observed 
»<tnd the success of the writer in overcoming the 
effects of the cold. 



OBSSXYATIOVS FOR AZZXTTTK. 



Several sets of observations for azimuth were 
made on the different marks employed, but the 
results of only the last two nights have been 
used. Their greater accuracy resulted from in- 
creased skill, as the difficulties of observing 
in cold weather were overcome. The level cor- 
rections were large, but of opposite signs on the 
two nights, so that any errors of level correc- 
tion tend toward elimination. The close agi'ee- 
ment of the two nights shows that the adopted 
level value was nearly correct. 

The schenHd of observations was adopted 
from the United States Coast and Geodetic 
Survey. A set consisted of four micrometric 
pointings upon the mark and four upon the 
star, reversal, and then four pointings on the 
star and four on the mark. The level was read 
in both positions. Each set required about 
10 minutes, so that it was possible to secure six 
sets during the hour that Polaris was in tho 
field at upper culmination. No observations at 
elongation were made, for there were no means 
of comparing the azimuth thus found with tho 
north mark, whose azimuth was desired chiefly 
for correcting observations for time. The re- 
sulting azimuth found at upper culmination 
was of a higher order of accuracy than was 
necessary for the purposes of triangulation. 
As the north mark could not be .made perma- 
nent, it was compared micrometrically with a 
tnark 2^ miles to the south, which was within 
the field of the telescope. 
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The calculations were made by the writer, 
but they have not been checked, so that small 
errors may exist. The final result probably 
does not contain errors of magnitude sufficient 
to impair the accuracy either of the observa- 
tions for time or the triangulation. 

Observatitms for azimuth on Polaris at upper 

culmination. 

Jan. 29. 1912. 

Mark west 
of north. 
Set " 

II 10. 4 

III — 5. 9 

IV 6.1 

V 8. 2 

Mean 7. 6±0. 8 

Jan. St. 1912. 

Mark west 
of north. 
Set " 

I 6. 1 

II 7. 9 

III : 6. 6 

V , 8. 1 

VI 5. 7 

Mean 6. 9±0. 4 

Final azimuth, north mark west of north=7.2"± 
0.3". 
Azimuth of south mark, east of south =81.8" ±0.3' \ 



OBBEHYATIOVB FOR LONOITTrDE. 

Greenwich time was ascertained by 11 lunar 
occultations. The calculations, made by Mr. 
C. R. Duvall, of the United States Coast and 
Geodetic Survey, are given below. 

The first four observations were made with 
a faulty 2-inch telescope and timed by an ad- 
jacent chronometer. Although they were taken 
under much less favorable circumstances than 
the later ones, their agreement is of the same 
order. 

The last seven' occultations were observed 
through an excellent 3-inch telescope, stably 
mounted, and the time was recorded upon a 
chronograph. Local time was obtained by a 
small transit instrument and compared with an 
excelleiit and well-protected chronometer by 
means of the chronograph. Nevertheless, the 
errors in the moon's position have such a con- 
trolling effect upon the deduced longitude that 
these more refined observations did not pro- 
duce results noticeably superior to the earlier 
and less accurate ones. 

In the field the occultations were weighted 
from \ to 4, according to the conditions under 
which the observations were made. After find- 
ing that the errors in the ephemeris were so 
large and so uncertain that their effect was far 



Longitude from occultations. 



No. 


Date. 


Star. 


Longitude. 


Correc- 
tion. 


Corrected 
longitude. 


V. 


r». 


1 


Jan. 22,1907 

Jan. 11, 1908 

Jan. 13, 1908 

do 


/Tauri 


h. m. 8. 

9 44 28. 2 
19.8 
16.6 
19.4 
23.7 
22.0 
26.5 
22.8 
26.2 
27.3 
29.5 


8. 

- 6.2 

- 5.9 

- 7.6 

- 8.3 
-15.2 
-14.6 
-13.1 
-13. 5. 
-12.2 
-18.4 
-17.4 


8. 

22.0 
13.9 

9.0 
11.1 

8.5 

7.4 
13.4 

9.3 
14.0 
08.9 
12.4 


3.1 
1.8 
0.3 
2.3 
3.4 
2.6 
1.5 
3.2 
1.9 
1.6 


9.6 


2 


/iCeti 


3 


fi* Tauri 


3.2 


4 


5' Tauri 


1 


5 


Jan. 20,1910 


<a Tauri 


5.3 


6 


227B Tauri 


11. ft 


7 


Feb. 16,1910 
do 


<a Tauri 


6.8 


8. 


224B Tauri 


2.2 


9 


do 


227B Tauri 


10.2 


10 


Feb. 7, 1911 


72 Tauri 


3 6 


11 


125 Tauri 


2.6 




Mean . . . 








10.8 






Total... 








. 


45.2 








1 









±1.50«. 



o Rejected. 
Probable error of one observation =%-^-^ 

-^=s±0. 47«. 
Longitude-9^ 44» 10.8»±0.47»=146** 02' 42.0"±7.0". 
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greater than the errors of observation, fehe ob- 
servations were all giv^n equal weight. 

In the table on page 35 are given the resulti> 
of Mr. Duvall's calculations, corrected for the 
tabular errors of the moon's' position obtained 
from the United States Naval Observatory. 

TRIANGULATION. 

The writer at first decided to control the 
map by stadia traverses supported by latitude 
and azimuth observations. Some work was 
done upon this scheme, but he decided that it 
was not sufficiently accurate for the scale upon 
which the topography was drawn. Then he 
decided to execute a triangulation of the coast, 
and attempted to attain the degree of accuracy 
demanded by the United States Coast and Geo- 
detic Survey for tertiary triangulation. 

About 150 miles of coast line have been thus 
covered, and in addition sufficient mountain 
peaks have been located to control the topog- 
raphy of an area about 70 miles square. There 
are 51 stations in the main scheme. The geo- 
detic positions of 47 stations have been calcu- 
lated and are given below. 

All the calculations have been made by the 
writer, and they are unchecked, except those of 
the base line. 

The positions of the stations may be seen in 
the accompanying map of the triangulation 
scheme (PL X, in pocket). The heavy lines 
indicate surveys made in both directions; the 
half heavy and half broken lines indicate ob- 
servations made in only one direction. 

The work was divided into four parts, com- 
prising the base net at Flaxman Island, a se- 
ries of complete figures running westward 
along the coast to Oliktok, the location of 
mountain peaks from points near Flaxman 
Island, and a series of simple triangles along 
the coast to the east, which should pivot on a 
single mountain station. The three first divi- 
sions were completed,- but the fourth could not 
be carried out. Instead, a few points were lo- 
cated on the coast east of Flaxnian Island by 
the three-point method. 



BASS LIHE. 

In the winter of. 1911-12 a base was meas- 
ured in both directions between Flax and 
North stations. The 50-meter steel-wire tape 
loaned by Prof. S. W. Stratton, Director of 
the Bureau of Standards, was used. The odd 
meters were determined by a 15-meter Keuffel 
&. Esser steel tape. Two thermometers fas- 
tened to the tape were read as each length was 
laid oflf, but the readings of one of them by 
the assistant were rejected because of confu- 
sion. The zero points were ascertained to be 
correct to within 0.1° C, but no calibrations 
were made. 

The first 500 meters north of Flax were 
measured over sloping tundra ; then came 800 
meters over lagoon ice; then 50 meters over a 
sand spit. The whole distance was taped upon 
the surface of the ground, with the exception 
of one catenary over the sand spit. On the 
tundra there were one or two tape lengths in 
which the tape ran over hummocks less than 1 
foot high, but the ice was quite level. 

The measurements were recorded upon a 
board stamped into the snow. The assistant, 
a white man, set the rear end of the tape upon 
the mark. An Eskimo set the tension handle 
at the amount indicated by a piece of string 
tied around the scale, and the writer marked 
the position of the forward end of the tape. 

The 50-meter wire tape was calibrated in 
1907 and 1915, before and after the field work, 
at the National Bureau of Standards, and a 
shrinkage of 2.8 millimeters was found to have 
occurred during the six years that the tape was 
kept in the Arctic regions. The measurement 
of the base line was made at about the middle 
of this period. Tapes may become expanded 
by the tension employed while using them, but 
this contraction is not understood. It seems 
best to assume a uniform contraction with time, 
rather than any sudden change. The uncer- 
tainty in the tape length thus introduped is 
about 1 part in 40,000, which is much larger 
than that of the field measurements of the base 
line. There were several sections, measured at 
different times. The chief section is C-D. 
Below is given an abstract of the measure- 
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ment. The calculations have been checked at 
the office of the United States Coast and Geo- 
detic Survey. 

Flaxman Island base line. 

Meters. 

Length of secticm C-D, meas- 
ured from south to north 1, 327. 176 

Length of section C-D, meas- 
ured from north to south i, 327. 151 



Mean length, uncorre<'ted_ 1, 327. 164 
Temperature correction (T— 

— 20.rC.) —0. 617 

Tape correction (assumed = 

—0.0014) . —0. 036 

Grade correction —0. 040 

Corrected length of section 

C-D 1, 326. 471 

Section Flax-A___ +0.012 

Section A-B +13.935 

Section B-C +0.030 

Section D-North —0.025 

Length of base Hne, Flax- 
North 1, 840. 42 

BASE HZT. 

The base net at the island contains six sta- 
tions from 1 to 3 miles apart. Posts were 
erected to support the theodolite and to act as 
signals for the longer lines. On the short lines 
a headless nail projecting from the center of 
the post marked the station. The theodolite 
could be centered accurately over this nail by 
means of a hole in the center of the base plate. 
The signals consisted of short sections of 
broom handles. Each signal had a hole bored 
in the center of one end, so that it could be 
slipped over the nail and plumbed. 

The base-net stations were occupied in the 
winter of 1911-12, but such large closures were 
found, owing chiefly to eccentricity of both 
instrument and signals, that the work was done 
over again much more carefully while the 
writer was on the island in the fall of 1913. 
About 12 sets of directions were made at each 
of the stations, using six positions of the 
circle. The first six sets were not up to the 
writer's expectations, so the instrument was 
overhauled and six more sets were observed. 
As these sets were more accurate, they were 
given twice the weight of the earlier sets. 

The base net contained 10 triangles with an 
average closure of 2". In order to occupy his 
mind, after the light had become too dim for 



field work the writer adjusted the base net by 
the method of least squares. There were 10 
condition equations. The probable error of a 
direction was ±0.70" and the maximum error 
—1.75". The accuracy of the base net is about 
that of the secondary triangulation of the 
United States- Coast and Oeodetic Survey. 

BASE NET TO OLIXTOK. 

A triangulation scheme of about 16 figures 
was drawn up for the coast west of Flaxman 
Island, in which the strength of the figures 
and the number of figures between bases were 
arranged in accordance with the requirements 
of the United States Coast and Geodetic Sur- 
vey. The lines averaged about 5 miles in 
length. Owing to the loss of some signals 
during gales, and also to bad weather, a few 
of the figures were altered. Most pf the sta- 
tions were occupied, but owing to different 
causes not all the lines were observed in both 
directions. Each figure has at least one tri- 
angle with all the angles observed, except the 
westernmost figure, where the observations 
over one line were rejected owing to a blunder. 
The writer endeavored to measure another 
base line at the west end of the triangulation 
chain but did not succeed. The sum of Ri for 
the 12 figures of this portion of the triangula- 
tion is 250. If the Kup-Ret-Bee figure had' 
been completed there would have been 14 fig- 
ures with 2Ri=200. 

A strong 3-sided central-point figure was 
planned between the Kup-Ret and Kup-Bee 
lines, but it could not be completed. Sufficient 
stations were occupied in the vicinity, however, 
to enable the writer to form a weak 7-sided 
center-point figure around Kup. The side 
equation of this figure gave- a difference of 640 
in the sixth decimal place. The discrepancy 
was found to be best corrected by postulating 
a blunder of 2' in one of the angles. This 
reduced the discrepancy to about 90. 

The 3-sided center point figure, Kup-Ret- 
Black, needed observations over only one line, 
Bee-Ret, for its completion, but this work re- 
mained unaccomplished. It snowed while the 
writer was at the Return mound, so that no 
observations could be made from this station. 
Then- he camped on the coast near Kup for sev- 
eral days without being able to get angles upon 
Ret from Kup. Lack of provisions forced him 
to abandon the attempt for that season. 
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In April, 1914, the writer again sledded into 
Ret station, and as he was not able to see more 
than one other station through a haze, he 
built a sno:w house and remained overnight. 
The next day it was blowing hard and the 
weather was thick, so he returned to the coast 
without getting any sights. He hoped that the 
line Bee-Ret could be observed while he was 
on his way westward to secure passage home on 
a ship from Barrow, but he was detained so 
long by the ice near Flaxman Island that it did 
not seem advisable to stop for the length of 
time necessary for these observations. 

At most of the stations two sets of direc- 
tions were observed, one set being a series of 
pointings from left to right and the other 
set a series back again to the initial station. 
At a few places bad weather prevented the 
observation of more than one set. 

The theodolite was supported by a frail 
tripod. When the sun was shining, a shade 
was rigged up out of a sled sail, but it often 
blew down. The signals were of driftwood, 
mostly poles with cross bars. They were often 
tilted by the wind so fhat the colter of the sta- 
tion was indefinite. On the mounds tripods of 
logs were used and the resulting signal was 
very indefinite. Some native signals, irregular 
and tilted, were also used. In view of the 
shortness of the lines, the irregularity of the 
signals, and the uncertainty as to the eccen- 
tricity of the instrument when near an irregu- 
lar signal, an average closure of 6" is better 
than the writer expected. 

Most of the stations were occupied during 
the winter, so that it was difficult to sink a 
subsurface mark very deeply. A hole was 
chopped into frozen muck or gravel to a depth 
of perhaps a foot, and a stone or a piece of lead 
was thrown in and the hole was filled again. 

XOTJKTAIN STATIONS. 

The positions of half a dozen mountain peaks 
w^ere desired for the purpose of controlling 
the inland topography. It was hoped that at 
least one of these peaks could be seen from the 
141st meridian, so that the writer's survey 
could be tied to that of the Boundary Survey. 
A mound about 20 miles inland on Canning 
River, visible in clear weather, was selected for 
an intermediate station between Flax and the 
mountains. Owing to the nature of the coun- 



try the writer did not succeed in getting a 
strong connection with the mound. However, 
by executing the work with the same degree 
of accuracy as that of the base net, it is be- 
lieved that the inland stations are located with- 
in limits allowable for the scale of the map. 

TRIAVOTTLATIOV EABTWABD. 

A scheme was drawn up for covering the 
coast as far as Barter Island by a succession 
of simple triangles pivoting around Weller 
Peak. This scheme broke down in several 
places, but observations upon the three best- 
located peaks are thought to give the locations 
of the coastal stations with sufficient accuracy. 

XIVOB LOOATIOVB. 

From the stations occupied minor directions 
were observed upon posts and beacons erected 
for the purpose of controlling the topography. 
In this way the islands were located. The 
smaller ones had & single point and the larger 
ones two or three points thus controlled by the 
triangulation. The islands in the McClure 
group are weak in location, for their beacons 
were not visible from* the mainland in the 
winter. A single bearing was secured from 
Pole Island, and then the positions were fixed 
by plane-table lines between the islands them- 
selves and to portions of the mainland. 

It was impossible to locate Cross Island. 
Anxiety Point was occupied three times in the 
winter and once in the summer, but Cross 
Island was never seen. The glare when the 
snow is on the ground makes distant signals 
very faint, especially the driftwood signals, 
which are so light in color as often to be indis- 
tinguishable against a light background. 

A single bearing upon Rieindeer Island of 
the Midway group was secured by mounting 
the theodolite on a 10-foot post on Stump 
Island. This bearing and the estimated direc- 
tions and distances are all that could be em- 
ployed in locating both the Midways and Cross 
Island. It is believed that their positions are 
correct within a mile or two. 

LIST OF TBXAVOLES. 

The following table shows the error of clo- 
sure of the triangles, the corrections from ad- 
justment, and the corrected spherical angles: 




OONSTBUCnON OF THE HAPS. 



Table* of triangle*.' 



Station. 


Error of 
clomireof 
triangle. 


COTTOC- 

tionsfrom 
adjuBt- 
ment. 


Corrected 
apherial 
anglM. 




+2.6 

+1.3 
-0,8 
+6.7 
-2,8 
+1-2 
-2,4 
-2.6 
-0.1 
-0.3 


+0.4 
+1.3 
+1.9 
+0,1 
+0,1 
+1.1 
+0,6 
+0,6 
-1.9 
+2.0 
+3.0 
+0.7 
-0.9 
-0.1 
-1,8 
-0,9 
+0.4 
+1.7 
-0,3 
, -2,0 
-0.1 
-0.3 
-2.0 
-0.3 

0.0 
-0.4 
+0.3 

0.0 
-0.3 

0.0 




NOTttweit 


60 37 68.S 


Flax 

North 

Gr»Te 

Flax 

Northweet 

Grave 


77 60 22. 1 

66 16 41,8 
46 62 56, 1 
124 22 06, I 
25 60 30. 9 






Ohmve 

Northwnt .. 


17 06 33.1 






















South 












South 




























NtHthwert 








Rack 


Rl 89 07.2 



MaTimiiin coiTectioD to anjuiglo +3. 

Mean error of an angle,-/^^ ±1.5 

Averace eloeuro of the 10 triangles 1.98 

Hue n«t u Olik-Thftli. 



Stalioni. 



Northweet. 

Rack 

West 

Nortliweet, 

West 

No, 3 

No. 3 

■ft'eet 

Sweeney.. 

No. 6 

SweeDey. . 

Bank 

Challenge. 
Sweeney- - 

Bank 

Ohallenee- 

Baok 

Mik 

No. 15.... 
Bank 

Ma 

No. 15.... 

Mik 

•Eg 



ObMrved 
angles. 


CloBure- 




38 29 04 






96 02 10 


- 3 




42 28 49 






33 08 35 






88 08 34 


+ 4 




58 42 47 






84 31 29 






60 42 59 


- 2 




34 45 34 






57 54 39 






97 45 32 






24 19 M 






65 00 13 






47 56 32 






67 03 13 






37 6a 46 






100 41 28 












28 17 37 






49 36 03 






104 05 59 






72 83 02 






67 53 33 


- 6 




49 13 31 







Table* of triangle*— Continued. 
Bf nt u OHk-TlMto— CoDtlnoMl, 



Pole 

itik 

Tig 

Ice 

Tip 

Shav 

Sftko 

Shav 

Sako 

^o.'.'.'.'. 
Poto 

Sako.".'.'.' 
Hove 

PotoV.'."" 
Howe — 

Sako.'.'.'! 
Poto 

yV^'. '.'.'. 
Heald... 
Heald... 

Y 

Gull 

Gull 

Y 

Prudhoe. 

Y 

X 

Prudhoe. 

GuU 

Prudhoe. 

Cent 

Gull 

Cent 

Kup 

Egg. 

Kup 

Long.... 

Long 

Kup 

Bee 

Long 

Bee 

Cot 

Long 

Bee 

Cot 

Cot 

Kup 

Bee 

Cot 

Bee 

Bod 

Bod 

Bee 

Leavitt. . 



76 44 4 

51 27 3 

35 21 5 
93 10 2 
37 25 
97 05 2 

45 29 3 

21 04 3 
132 08 3 

26 46 5 

62 49 3 

60 25 4 
56 49 4 

121 13 

22 56 2 

36 60 2 
68 23 3 
39 21 2 
82 14 4 

46 24 2 
87 29 1 
»6 06 1 
32 27 3 
SO 34 
96 66 1 
SO 53 3 

47 41 1 

61 25 1 
42 03 6 
84 36 3 

63 10 2 
81 52 6 
73 31 1 

24 36 

60 53 

61 69 2 

77 07 1 
29 17 1 

114 34 4 
36 08 1 
163 46 2 

12 34 2 

13 39 1 
99 31 5 

52 35 4 

27 52 2 
126 09 4 

28 40 4 

25 09 2 

26 37 5 
36 15 3 

117 06 1 
91 66 6 

23 54 5 



55 47 
117 48 5 
28 12 1 



Average closure of the 29 triangles 

Maximum closure of the 29 triangUa . . 
»s ncKllclble. 
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Where the closures were small, as in most of 
the triangles, the corrections were made by 
dividing the closure equally among the three 
angles. Where the closure was large, side 
equations were formed, and the corrections 
were made by inspection. 

In the 14 strong figures west of Flaxman 
Island the average difference, in. the sixth 
decimal place, between the logarithms of the 
farther side, found by two paths, is 8. In the 
two weak figures, due to failure to complete 
the proposed scheme, the difference between the 
logarithms is 126 and 90. The average differ- 
ence for the 16 figures is 20. 

STATIONS. 

The stations occupied in the triangulation 
work are described as follows: 

Flax. — ^The astronomical station at Flaxman island. 
The mark is a barrel set partly into the ground and 
filled with concrete. A screw was set into lead In a 
2-inch hole in the center of the surface of the pier to 
mark the center of the station. This hole was then 
flUed with plaster of Farls. The reference mark is 
a concrete pier with a hole drilled into the top. Its 
distance is 10.d85 meters to the north, in azimuth 
180° 00'. 

NorthtocMt, — ^A temporary station at the northw;est 
corner of the tundra portion of Flaxman Island, on a 
small mound about 13 meters from the bank. 

North, — ^A temporary station on the spit north of 
the island. It was the north azimuth mark, and also 
the north end of the base line. 

Orave. — ^A temporary station upon a slight mound, 
perhaps a hundred yards from the bank, on the east 
side of the bay east of Flax. 

South. — A station on tlie mainland south of Flax, 
marked by the center of u post (part of a ship*s boom) 
about 30 yards from the bunk. The reference mark 
is a concrete-filled kerosene tin, fiush with the ground, 
north of the station. A hole drilled into the south- 
west corner of the surface is 1.463 meters distant 
from the station in azimuth 179"* 59'. 

Rack. — A temporary post on a sand spit on the main- 
land southwest of Flax. There was a native rack on 
the tundra, about a hundred yards to the east. 

Kjig. — ^A stiition on the top of a boulder-covere<l 
mound at the northern edge of the upland, about 20 
miles up Canning River. A hole was drilled into the 
top of a boulder, which was fiush with the surface of 
the ground, and a galvanized spike was driven into 
the hole. Over this mark boulders were piled to a 
height of 3 feet. 

Brown. — A station at Brownlow Point, on a mound 
about 4 feet high near the western bank, about 300 
yards from the point where the spit joins the main- 
land. The station is marked by a post The refer- 
ence mark is a shallow hole drilled into a greenstone 
boulder, 4.18 meters distant in a line 82** to the left 
of Flax. 



"West, — ^A station^ on a smaU sand island close to 
the mainland about 4 miles west of Flax. It is near 
the west end of the island at its widest i>art. A 
malted-milk bottle was placed about 2 feet under- 
ground and a post was centered over it. 

No. S. — ^A temporary station on a shoal running 
southeast from Island No. 3. 

Sweeney. — A station at Point Sweeney, on the main- 
land about 8 miles west of Flax. About a hundred 
feet from the apex of the point. A layer of sinall 
stones was placed about 2 feet underground and a 
post was centered over it 

No. 6. — ^A station located near the center of Island 
No. 6. The top of an inverte<l stump, tilted toward 
the west, marks the station. No permanent mark. 

Challenge. — ^A station on the north side of Challenge 
Island. The mark was washed away in 1912-13 and* 
could not be recovered. 

Ba^nk. — A station near the east end of the high 
bank south of Challenge. A greenstone with a hole 
drilled into it was placed about 1^ feet underground, 
and a beacon was centered over it 

Mik. — ^A station at BuUen Point at the base of the 
spit The station is on the first gravel heap about 200 
yards from the north shore and close to the beach 
on the west side. A malted-milk bottle If feet under- 
ground marks the station. 

No. 15.T-^ station on Belvedere Island of the Mc- 
Clure group, near the south side. No permanent 
mark. 

Pole. — ^A station near the west end of Pole Island 
marked by the bottom of a tilted native pole. 

Tig. — ^A station near the north bank of Tlgvariak 
Island. The top of a tilted native pole was observed. 
A milk bottle a few inches underground, al)out a 
meter to the northwest of the base of the pole and 
approximately under its top, marks the station. Ref- 
erence mark, a post 1 meter distant in a line 102"* to 
the right of Shav. 

Shav. — A station on top of a conspicuous mound 
about 5 tniles from the coast southwest of Tig. 
There are three depressions and four elevations which 
trend about east-northeast across the more or less 
flat top. The station is on the elevation south of the 
central depression. A yellow metal spike was placed 
about half a foot underground and cobblestones were 
piled over it to mark the station. 

Kad. — A station on the top of a 200-foot mound 
al)out 12 miles from the coast on Kadleroshilik River. 
From a distance two projections are seen to rise above 
the general level of the top. The center of the north- 
east cone-shuped projection is the station. Here a 
qunrtzite stone about 12 by 8 by 6 inches, with a hole 
drilled in it, was placed about a foot below the surface, 
and large cobblestones were placed over it. 

Ice. — ^A temporary station on an ice hummock in 
Foggy Island Bay. 

Sako. — ^A station on top of a 30-foot mound near 
the east mouth of Sagavanirktok River, about a mile 
from the coast A few small stones were placed about 
1^ feet below the surface of the ground. 

Anx. — ^A station at the north end of Foggy Island, 
which was thought to be Anxiety Point. The station 
is near the west bank, near a low grassy mound. 
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Half a dozen fish-net weights of horn were placed 
about 2 feet underground. 

Poto. — A station on a small silt dune, near the 
jnncture of the eastern channels of Sagavanirktok 
lUver. A few twentypenny nails were driven into 
the ground to mark the station. 

Howe. — ^A station at Anxiety Point, the eastern and 
highest part of Howe Island. The station is on the 
highest spot, close to tlie bank at the southeast cor- 
ner. It is marked with a 15-foot beacon; no subsur- 
face mark. 

Ueald, — A station at Heald Point, about 400 yards 
from the apex and 10 meters from the north bank. 
The subsurface mark is a fragiAent of pink gran- 
ite (?). Over tills mark a rounded pink quartzite 
stone is placed. The reference mark Is the southwest 
stump of a native rack, distant 1 meter, In a line 47° 
to the left of Howe. 

X. — ^A station on the top of the central dune of a 
row of half a dozen small grassy silt dunes, the last 
outliers to the south on the west bank of the west 
mouth of Sagavanirktok River. A piece of crystalline 
rock about 8 Inches in diameter was partly sunk Into 
the ground to mark the station. 

Y. — A stat'lon on the highest of a small group of 
outlying silt dunes to the west of Sagavanirktok 
River. They are about 3 miles from the coast at the 
south side of a drained lake. A native reports that 
he placed a stone and some empty rifle shells In the 
ground when he erected the signal. 

Prudhoe. — A i^tatlon on top of a 80-foot mound 
about 3 miles Inland from the lower end of Prudhoe 
Bay. The station Is near the southwest side of the 
more or less flat top of the mound. A piece of lead 
was placed 6 to 8 Inches underground and covered 
with cobblestones. 

Gull. — A station on Gull Island In Prudhoe Bay. 
The beacon will probably be washed away. No sub- 
surface mark. 

Cent. — A station about 3 miles from the west side 
of Prudhoe Bay, on a grassy hummock about 2 feet 
high on the tundra west of a large pond. A large 
nail and a piece of lead were driven about .6 Inches 
Into the ground. 

Kup. — A station on the top of a 30-foot mound, near 
the coast on the east side of Gwydyr Bay. It lies at 
the head of slack water In Fawn Creek. The top of 
a tilted beacon was observed. Two copper nails and 
a piece of lead were placed under the center, about 15 
inches underground, and a pink quartzite stone, 10 to 
12 Inches In diameter, was placed over them, so that 
Its surface was nearly flush with the ground. 

Stump. — A station on Stump Island, about 3 feet 
southeast of an old native signal consisting of an In- 
verted stump about 15 feet high. Subsurface mark, 
a piece of native blubber lamp with a hole drilled in 
It, about 2 feet underground. A post was centered 
over this mark. 

Bffff. — ^A temporary station on Egg Island, erected 
after the original station had been washed away. 

Return, — ^A station on the top of a 60-foot mound 
about 6 miles inland, on the east side of Kuparuk 
River. A piece of lead about a foot underground, 
with a ^inch stone over It, marks the station. 



Black. — A temporary station on the apex of a 
sharply ridged silt dune In the Kuparuk delta. The 
highest part of the northernmost row. About 3 miles 
from Kup. 

Long. — A station on Long Island near the east end, 
where It bends to the southeast. The station was 
washed away during a storm, and a spit was built out 
at the same place. 

Gwydj/r. — A station on the west side of Gwydyr 
Bay, close to the bank, at a point about 3 miles east 
of Beechey Point. A post of an old rack cut off at 
the ground marks the station. 

Cot. — A station on the eastern tundra lump of Ottle 
Island, near the south corner, about 32 feet north- 
west from two low grassy hummocks. A vertebral 
disk of a whale was placed about 2 feet underground, 
and a beacon was centered over it. A post was 
erecteil 3 or 4 feet to the southeast, but the distance 
and bearing were not noted. 

Bee. — A station on the top of a 60-foot mound about 
4 miles back of Beechey Point. A post was erected 
near the middle of the top by a native boy. 

Bod. — A station on Bwlfish Island, at a hummock 
on the south side near the west end. Marked by a 
vertebral disk of a whale about a foot underground, 
with a post centered over it. 

Leavitt. — A station on Leavltt Island, at about 
the middle of the north side, on top of a grass- 
covered sand dune, which has burled an old native 
house. Immediately over the bank. A piece of gray 
granite about 3 feet underground marks the station. 
This mound Is the second from the east end of the 
island. 

Jones. — ^A station on top of a 20-foot mound about 
a mile from the coast behind Leavltt Island. No sub- 
surface mark. 

Thetis. — A station on top of a 25-foot mound about 

3 miles southeast of Ollktok. A malted milk bottle 
filled with stones was placed underground by a native 
for a subsurface mark. 

OHk. — At Ollktok near the apex of the gravel 
point. A pink quartzite boulder 10 to 12 inches in 
diameter, with a hole drilled into It, about 2i feet 
underground. Over this boulder was placed a square 
masthead about 4 feet high, painted white, with a 
yellow metal name plate. A signal was erected about 

4 meters to the northwest In a line leading from 
Thetis. 

Kong. — A station at Konganevlk. In Camden Bay. 
The center of the highest part of a large angular 
greenstone boulder, which rises about 3^ feet above 
the level of the tundra. It lies about 2.50 yards from 
the southeast corner of the point and about 500 yards 
from the north side. 

Coli — A station at Collinson Point near the point 
where the spit joins the mainland. The station Is a 
25-foot pole erected by the trader O'Connor. In 1912. 
about 20 yards south of his house. It Is about 13 
meters north of the latitude station of the Canadian 
Arctic Expedition, In 1913-14. No permanent mark. 

Sad {Boy*s stick). — A station at Point Anderson, 
where the spit Joins the mainland. The mark Is on 
the tundra close to the spit and to the sea cliff. No 
subsurface mark. 
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Arey, — ^A station 150 feet southeast of Ned Arey*8 
old bouse in the Okpilak-Hul^hula delta. Latitude 
observations were taken here. Not marked. 

Darter. — A station on Barter Island* at the south- 
west comer of the upland, beyond which extends the 
low flat grassy part of the island. The subsurface 
mark is composed of a copper nail and a lead seine 
weight, with a quartzite stone 4 to 5 inches in diame- 
ter over them, about a foot underground. A beacon 
was erected over this mark. 

Mount Salisbury, — ^A conspicuous snow-clad double- 
peaked mountain, about 70 miles south of Flaxman 
Island, on the west side of Canning River. The north- 
east peak was sighted upon. 

Mount Copleston, — ^About 50 miles from the coast, 
at the west end of the Shublik Mountains. On the 
top, which is several hundred feet higher than its im- 
mediate surroundings, are two knobs. The highest 
part of the southeast knob was sighted upon. 

Peak A. — ^A proposed plane-table station a few miles 
northeast of Mount Copleston. A projection rising 
above the general level of that part of the mountains 
was sighted upon. 

Mount O. — ^An . inconspicuous but definite peak on 
the north side of Sadlerochit Mountains. 

Mount Weller. — ^A pyramidal peak about 20 miles 
south of CoUinson Point at the head of Marsh Creek. 
It rises several hundred feet above its surroundings, 
so that it can be identified from all directions. 



Bi HiU, — A station on an outlying sandstone hill 
on the east side of the head of Marsh Creek. An 8-foot 
calm was erected at the southwest comer of the top. 

Mount Chamheriin, — A conspicuous glacier-covered 
double-peaked mountain, which rises 2,000 to 3,000 
feet above its surroundings, at the head of Sadlerochit 
River. The lower northeast peak was observed. 

Mount MicheUon. — ^The highest of a group of two or 
three ice-covered peaks at the outside of the Roman- 
zof Mountains, between Okpilak and Hulahula rivers. 

TABLE OF POSZnOVS. 

The latitude and longitude of each point are 
given on the Flaxman Island datum. The po- 
sition of the initial station, Flax, was obtained 
by astronomical observations. (See pp. 32-35.) 
The length and azimuth of lines between the 
stations, are also given and the logarithms of 
the distances. 

The last figure in the numbers is uncertain, 
with the exception of the logarithms, which are 
uniformly given to six places, although two of 
the figures may be uncertain. 

A few unimportant stations, whose positions 
were unnecessary in the calculations, have been 
omitted. 



PosUioTU of triangukuion $tations in Canning River region, northern Alaska, 

CoMtal statioiM w—tof Hawman MmmL 



Station. 



Flax. 



South 



Northwest. 



Rack. 
West. 



No. 3 



Sweeney. 
No. 6... 



Challenge. 
Bank 



No. 15 



Mik. 



Tig.. 
Kad. 
Pole. 



No. 







Shav. 



8 
9 

10 
11 
12 
K 
13 
14 



Latitude. 



o / // 

70 11 12. 04 
70 09 00. 34 
70 11 50. 22 
70 09 46. 28 
70 10 34. 39 
70 12 41. 22 
70 11 14. 46 
70 13 29. 87 
70 14 20. 26 
70 10 40. 90 
70 17 00. 12 
70 10 59. 92 
70 13 59. 11 
70 01 46. 36 
70 18 13. 34 
70 08 13. 14 



Longitude. 



^ 42.00 



146 02 
146 02 41. 85 
146 04 40. 81 
146 08 15. 22 
146 14 18. 62 
146 16 30. 24 
146 25 40. 36 
146 25 33. 78 
146 36 10. 27 
146 39 15. 20 
146 52 27. 55 

146 49 37. 88 

147 10 29. 17 
147 37 09. 45 
147 01 21. 08 
147 25 46. 20 



Azimuth. 



o / // 

359 58 38. 2 
133 28 24. 1 
179 58 38. 4 
166 38 39. 7 
313 26 32. 3 
346 36 47. 8 
210 23 09. 4 
292 02 16. 6 
248 46- 30 

291 15 18 
281 83 02 
316 06 31 
244 58 39 
279 44 16 
284 43 53 
307 23 26 
283 04 41 
310 57 41 

238 38 23 
262 58 18 
295 41 48 
324 37 35 
233 41 02 
275 03 49 
243 31 14 

292 44 42 
216 24 03 

239 56 51 
292 03 44 
331 08 51 
221 50 22 
256 57 25 



Back azi- 
muth. 



// 



179 58 
313 26 
359 58 
346 36 
133 28 
166 38 
30 26 

112 07 
68 55 

111 21 

102 04 
136 14 

65 07 

99 54 

104 52 

127 34 

103 14 
131 07 

58 51 
83 11 
115 57 
144 50 
53 53 
95 13 
63 48 

113 04 
36 49 
60 41 

112 12 
151 19 

42 04 
77 31 



4 
3 
2 



38. 

32. 

38. 

47.8 

24.1 

39.7 

31.1 

30.2 

34 

00 

10 

17 

17 

57 

24 

01 

40 

34 

16 

04 

08 

01 

42 

35 

12 

19 

08 

32 

06 

53 

55 

24 



To stations. 



South 

Northwest. 

Flax 

Northwest. 

Flax 

South 

Northwest. 

South 

Northwest. 

Rack 

Northwest. 

Rack 

No. 3 

West 

No.3 

West 

No. 6 

Sweeney. . 

No. 6 

Sweeney.. 
Challenge. 

Bank 

Challenge. 

Bank 

No. 15 

Mik 

Tijj 

Mik 

No. 15 

Mik 



Distance. 



Meters. 




4, 


081.55 


1, 


720.28 


4, 


081.55 


5, 


4n.50 


1, 


720.28 


5, 


411.50 


4, 


453.82 


3, 


787. 62 


6, 


513.2 


4, 


104.1 


7, 


617. 6 


5, 


715.1 


6, 


374.7 


7, 


275.4 


5, 


901.4 


8, 


938.0 


6, 


856.8 


8. 


769.0 


10, 


094.1 


8, 


630.9 


11, 


372.7 


14, 


395.1 


10, 


510 


6, 


574.7 


12, 


644.1 


14, 


266.1 


28, 


288 


34, 


639 


6, 


023.6 


15, 


322.6 


14, 


419.4 


23, 


402.7 



Loga- 
rithm. 



3. 610825 
3.235600 
3. 610825 
3. 733317 
3.235600 
3. 733317 
3. 648732 
3. 578366 
3. 813791 
3.613217 
3. 881817 
3. 875935 
3.804460 
3. 861855 
3. 770952 
3. 951239 

3. 836120 
3.942950 

4. 004068 

3. 936057 

4. 055865 
4. 158214 
4. 021610 

3. 817875 
4. 101887 
4.154304 

4. 451603 
4. 539564 
3. 77985S 
4. 18533S 
4. 15894S 
4.36926B 



OONBTBUCrriON OF THE HAPS. 
Forition* o/ frtanpuiafton ttatioru in Canning River region, Tiortktm Alatia — Coitiaued. 



Station. 


No. 


UtJtode. 


Longitude. 


AzimuUt. 


Back azi- 
muth. 


Toatadona. 




Loga- 
rithm, 




15 
16 
17 
13 

m 

20 

21 
22 
23 
24 
26 
26 
27 

29 
30 
31 
32 
33 


70 11 58,40 
70 17 n, 90 
70 14 03. 42 
70 18 36. 74 
70 17 26. 28 
70 20 28. 81 
70 21 37. 29 
70 16 34. 94 
70 23 11. 65 
70 17 27. 44 
70 24 27. 24 
70 27 48. 61 
70 26 00. 92 
70 29 12. 30 
70 30 59. 07 
70 28 53, 74 
10 32 31. 85 
70 27 43. 06 
70 29 51. 76 


14T 41 46. 94 
147 43 51. 55 
147 67 39. 24 

147 53 23. 98 

148 12 15. 87 
148 07 13. 90 
148 16 28. 68 
148 22 63. 82 
148 36 15. 07 
148 47 03. 78 
148 29 14. 97 
148 41 42- 72 
14^ OS 19. 16 

148 57 66. 41 

149 07 56. 73 
149 22 26. 88 
149 19 44. 24 
149 34 13. 31 
149 42 12. 18 


259 00 31 
304 30 02 
325 32 39 

352 19 31 
234 5fl 31 

291 41 17 
329 14 06 

15 38 32 
239 32 35 
303 23 18 

292 05 00 
29 03 14 

289 48 04 
341 ;3 18 
203 11 07 

256 SO 38 
283 08 50 
325 38 11 
212 16 43 
275 55 53 
303 19 44 

61 55 14 

308 41 le 
338 22 28 

257 31 13 
285 23 39 

309 26 26 
41 23 30 

297 67 20 

353 44 24 
^46 32 25 
297 58 35 
325 21 05 

13 55 10 
225 02 08 
253 16 45 
278 10 08 
308 43 27 


79 29 58 
124 45 08 
145 49 40 

172 21 28 

65 09 02 

111 55 45 
149 25 02 
195 35 00 

79 50 21 
123 37 31 

112 18 02 
208 58 30 
109 56 46 
161 17 16 

23 17 10 

76 40 38 
103 27 28 
145 50 46 

32 26 53 
96 18 38 
123 31 46 
24i 48 37 

128 63 01 
158 27 36 

77 M 24 
105 51 58 

129 48 61 
221 15 36 
118 06 46 

173 46 66 

66 48 04 
118 13 46 
145 33 44 
193 52 38 

45 15 47 
73 27 52 
98 28 46 
128 50 68 


&■.:;.■.;:: 

Shav 

8ako 

Anx 

Sako 

Sako 

Poto 

Howe 

Poto 

Uowe 

Y 

Beald 


MtUr*. 

20. 064. 3 

12. 285. 4 
20, 216, 2 

9,802,6 
10, 195, 1 
10.428, 2 
14, 317, 
8,,762, 9 
12, 028, 2 
11,388,9 
9, 359. 5 
6,504,0 
S, 152, 4 
8, 215, 
10, 197, 4 
8, 862, 2 
12,710,0 
14, 875, 5 
12, 629, 5 
15, 258, 7 
9,560,6 
4, 967, 8 
9, 963. 2 
9,230,8 
15,883.6 
19, 471. 2 
17, 531. 
7,897,8 
7,040.9 
9,205.3 
9,801.4 
11,370.4 
14, 709, 1 
6, 963, 6 
12, 690, 5 
7, 664. 4 
12, 419. I 
6. 367, 1 


4.302424 




4.088389 
4. 305703 




3.991337 




4.018210 
4-155852 


T 


3- 942649 
4- 080201 
4. 056483 
3. 971254 


<]ijll 


3, 813180 
3. 789042 








Gull 










GuU 

Prudboe..... 

Kup 

Prudhoe 

GuU 

Kup 

Stump 

Kup 

Long 

Kup 

Kup 

Bee 

Cot 

Be* 

Bod 

Bpo 

'Bee 

Jonea 

I«viU 

Jones 

Jones 

Thetia 


4. 104143 




4. 17247J 




4. 183518 
3.980484 




a 696161 


Bee 


3,965238 


Cot 


4 289393 
4,243806 




3, 897603 


JiHiee 


3,968264 
3 991288 




4. 055774 


Thetia 


3, 842834 




3- 883913 




3. 803924 



Col 

fitd.... 
Atey.... 
Baitw.. 



70 09 43. 83 
70 01 38. 4 

69 69 Oa 2 

70 00 36. 9 
70 04 49. 
70 06 12. 



145 51 25; 32 

146 U> 32. 6 
144 49 47. 1 
144 29 20. 6 
143 69 50. 
143 40 3L6 



79 21 02. 4 
111 04 28. 2 
289 36 39 
367 58 03 
3 19 20 
16 26 13 
•11 11 37 
30 18 37 
21 47 23 
35 06 06 
27 52 22 
47 03 49 



269 10 20. 
290.53 51, 6 
109 66 09 
178 01 21 
183 16 03 
196 07 57 



190 4 
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209 42 14 
200 56 49 
214 15 66 
206 43 42 
226 41 36 



South. 

Flax 

Collinaon . . . 
Mount 0... 

Weller 

Mount O, . . . 
Chamberlin 
Mount O. . . 
Chamberlin 

Weller 

Chamberlin 
Mount O... 



7,260.46 


3.860365 


7,642.e0 


3.882217 


14, OSLO 


4.147122 


46, 057 


4.653764 


38.906 


4 690016 


41,985 


4 622884 




4 917828 


49,760 


4 696880 


95,846 


4 980574 


60,147 


4 779216 


.03.100 


5. 013262 


77,501 


4 889307 



Xng 

WdlCT. 

Mount O 

PflakA 

OoplcBtOD. . . 

Bi Hill 

Hicbalaon 



9 53 49. 3 
9 38 12. 9 
9 37 26. 4 
9 16 55. 3 
9 32 36. 3 
9 30 20. 
9 42 00, 7 
9 18 38. 3 



146 18 01. 5 

144 53 15, 6 

145 OS 06, 

144 63 44 7 

145 68 11. 7 

146 06 37. 3 
144 47 38. 4 
144 15 43. 2 



118 40 22 
148 03 02 
124 37 63 
156 33 46 
142 05 44 
159 42 11 
162 12 17 
183 32 43 
169 42 26 
186 58 34 



6 53 06. 2 
9 57 34 4 

7 20 60 
7 08 24 
3 32 17 



1 63 41 

3 39 05 
9 30 48 
7 11 54 

7 58 36 
7 56 06 
3 24 09 
6 56 18 



Flax.. 
Kug..' 

Kug. . . 
Kug,.. 

K^"°. 

Brown I 73,827 

Hax I 72,385 

Konp I 39,361 



66,130 
87, 743 
106,000 
41,505 



4. 528246 
4-532422 
4 790934 
4 841413 
4, 735227 
4 820397 
4 943211 
6, 021180 
4 618100 
4 840086 
4, 647361 
4 868216 
4 8696^9 
4 595070 
4 894328 
4 936886 
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ELETATIOKS. 

As the observations of vertical angles on the 
different peaks were taken at a. distance from 
the mountains they do not give accurate values- 
In winter the refraction is sometimes so great 
as to distort the distant sky line into unrecog- 
nizable shapes. At Kug station, at an eleva- 
tion of about 50 meters above the sea, the house 
on Flaxman Island, at sea level, had a zenith 
distance of less than 90°. On account of the 
low weight of such observations only a few 
were taken. Below are the resulting elevations. 

Elevations of mountain peaks in Canning River 
region^ northern Alaska. 

Meters. 

MIchelson from sea level at Arey— 2, 816 
Chamberlln, northeast peak, from 

Arey 2,783 

Chamberlln, southwest peak from 

Flax 2,784 

Weller from Arey 1, 500 

Weller from Flax 1,467 

Salisbury, northeast, from Flax — 2, 044 

The southwest peak of Mount Chamberlin is 
from 50 to 100 meters higher than the northeast 
peak, so that 2,800 and 2,750 meters are better 
values. 

TOPOGRAPHY. 

The work of mapping the details of the 
topography was divided into two sections, that 
of the coast and that of the interior. The 
coastal work was done with great Qare and 
with as great accuracy as possible under the 
conditions. The interior mapping could not 
be brought up to the same standard, both from 
the inexperience of the writer and the diffi- 
culties under which he worked. The lines are 
draw^n solid where they have been actually sur- 
veyed with an accuracy in keeping with the 
character of the map in whicli they appear. 
The lines that have been observed but not sur- 
veyed are drawn broken. Probable lines, 
chiefly derived from native information, are 
drawn dotted. 

COASTAL TOPOOBAPHY. 

» 

This work w^as done with two grades of ac- 
curacy — (1) simple sketching of details along 
the route traversed by sled or boat and (2) 
plane-table work. The coast between Herschel 



Island and Flaxman Island was sketched dur- 
ing a sled trip in the fall of 1906. As the por- 
tion between Flaxman Island and Barter 
Island was afterward done in detail by the 
writer and that between Herschel Island and 
the 141st meridian bv the Canadian Arctic Ex- 
pedition, only the remainder, between the 141st 
merdian and Barter Island, is shown on the 
map in this report (PL III, in pocket). 

Several sled and boat trips were naade be- 
tween Flaxman Island and Point Barrow, and 
many details, not shown on the existing charts^ 
were dtetched. A map of the coast line be- 
tween Oliktok and Point Barrow was con- 
structed by adjusting these details to the ex- 
isting charts (PI. III). 

The topography shown on the large-scale 
maps (Pis. IV and V) between Barter Island 
and the Colville was drawn upon a small 
plane table, an open-sight alidade being used. 
The distances were determined by pacing. 
Numerous posts or beacons were erected, which 
were located by triangulation for the purpose 
of controlling the traverse. The field scale was 
slightly larger than 1 : 80,000. Two thousand 
paces, assumed to be 1 mile, were drawn equal 
to 2 centimeters on the sheets. The paces were 
counted by a pedometer, but as the hand which 
niarked the hundreds of paces had much lost 
motion, a check was made by mental counting. 
In some places it is probable that there was a 
miscount of an even hundred, judging from the 
intersections on distant points. \Vhere the 
coast was fairly regular and the walking was 
along a hard sand beach the intersections were 
very satisfactory, but where the traverse was 
along the top of an eroded bank the many de- 
tours interfered with accurate work. 

These field sheets were entered upon an office 
map which had a scale of 1 : 80,000, and thus 
they had to be reduced slightly. This reduc- 
tion was done by making a tracing of the sheet 
and adjusting this tracing to the office map by 
closely spaced offsets. The closures noted be- 
low are partly due to the larger scale and 
partly to errors of the paced distance. 

The coast west of Flaxman Island had so 
many points located by the triangulation that 
there are not many places where stretches 
greater than 4 or 5 miles are uncontrolled. The 
weakest stretch is around the lower part of 
Mikkelsen Bay, a distance of about 10 miles^ 
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Here there was a closure of about a mile, so 
this stretch was probably incorrectly mapped. 

East of Flaxman Island there were few points 
of control, and so the map is correspondingly 
weaker. Between Brownlow Point and Kon- 
ganevik, about 20 miles, the closure was half a 
mile. The area between the Hulahula delta 
and Manning Point was controlled by two 
micrometric base lines, so that it is fairly ac- 
curate. 

Every line drawn solid has been actually 
paced or viewed from such a short distance 
that all the details were visible. Both sides of 
the narrower sand islands could be mapped 
from the middle, but on Pole and Cross islands 
both sides were paced. The outside of Long 
Island was paced, and frequent halts were 
made to sketch the details of the inside from 
places previously located. Somo stretches 
where details could not be seen are drawn with 
broken lines. The outside of Leavitt Island 
was paced, and a part of the inner side sketched 
as in mapping Long Island. The Spy Islands 
were not paced, but good locations were se- 
cured upon beacons at their extremities, so 
that their position is fairly accurate. 

No topographic line has been drawn solid to 
represent features which were viewed from 
snch a distance that details might be over- 
looked. In a westward extension of the topo- 
graphic map of the Boundary Survey the east 
end of Icy Reef was drawn in solid lines upon 
a field scale of 1 : 45,000, as viewed from a dis- 
tance of 1 or 2 miles. On the writer's map the 
east end of Stump Island has been drawn with 
broken lines, although it was camped upon, 
as well as viewed from the mainland about a 
mile away. 

The coast line in the neighborhood of CoUin- 
son Point was mapped by the writer in 1912, 
with the exception of about a mile of the spit. 
In 1913 the topographers of the Canadian 
Arctic Expedition made a map of the same 
stretch and included a part of the interior. 
Their map, of about twice the scale of the 
writer's, has been reduced and entered upon 
his miap. A tracing was kindly furnished and 
permission was given to use it. The portions 
common to both maps were practically iden- 
tical. 

Constant changes in the shore line are taking 
place, so that many of the details mapped by 



the writer will be lost within a few years. 
Even during his field work such changes were 
noticeable. The first beacon erected on Egg 
Island was entirely cut away and about a hun- 
dred yards was added to the west end of the 
island between 1911 and 1914. In addition, a 
new islet was built up north of the west end, 
so that there was difficulty in recognizing the 
locality. At the east end of Long Island the 
shore was cut back as far as the beacon erected 
for a triangulation signal between 1911 and 
1913. In 1914 a spit about a hundred yards 
long had been built out at the same place. 

In general, the sand islands are rather per- 
manent, for driftwood in an advanced stage of 
decay is found on some of them, as well as 
grass and moss. Native houses that were an- 
cient before the present inhabitants came into 
the country also are found on some of them. 

ZKLAND TOPOOBAPHY. 

In the map of the interior (PI. I, in pocket) 
great accuracy has not been attained, for either 
distances or elevations. The- writer had had no 
previous experience in drawing contours, so 
that this work does not express the nature of 
the topography as well as it should. 

On the first inland trip up Okpilak River a 
small plane table with a telescopic alidade 
was carried. This alidade had a micrometric 
eyepiece, with which the writer endeavored to 
get horizontal control by the erection of cairns 
a known distance apart, after the method cm- 
ployed by Peters in constructing his map of 
the Colville. Owing to various causes, com- 
plete control was not attained. 

The telescopic alidade was too heavy for 
summer work, where everything had to be car- 
ried on the back, so it was discarded, and an 
open-sight alidade was used in mapping the 
Canning. The topography was drawn upon 
separate sheets at each station, with estimated 
distances and known horizontal angles. The 
vertical angles were estimated or determined 
by a hand clinometer. These separate sheets 
were afterward used to draw the office map 
by using as a base the distance apart of two 
peaks located from the coast and then pro- 
ceeding by a triangulation worked out of the 
sheets themselves. Of course, this was a very 
rough method, but it was much the best under 
the circumstances. Some extra details were 
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secured from ordinary photographs taken at 
the stations. 

An attempt was made in the winter of 
1910-11 to get a better control by a micrometric 
traverse witli a 3-meter bar^but it was not 
successful. 

Such a traverse was made on the lower 25 
miles of Huli^ula Biver and abandoned on 
account of continued bad weather. Some de- 
tails were mapped at the headwaters of the 
same river by the use of this form of control, 
but they are not within the area embraced by 
the published map and so have been omitted. 

While surveying Sadlerochit River the 
writer was greatly aided by a stenometer 
loaned by the United States Geological Sur- 
vey. Several small sections were mapped from 
a base line measured in this way. The coordi- 
nation between these separate portions when 
they were combined was very good. The 
topography around Lakes Schrader and Peters 
was mapped by a traverse paced upon the 
smooth ice of those lakes. The scale was 
checked by stenometric measurement. 

The. elevations shown by the contour lines 
are only approximate, for they are deduced 
from aneroid observations. On the Sadlerochit 
they may be considered to be most accurate, 
for the field barometric readings were. com- 
pared with a series of readings taken by the 
writer's workman at Flaxman Island, more 
than 50 miles away. Elsewhere there were no 
corrections possible for the varying state of 
the atmosphere. 

The ultimate control of the topographic map 
was siecured by prominent peaks located from 
the coast. The mapping of the area within 
view of one or more of these i>eaks is probably 
fairly accurate as regards distances, but that 
of the area around the upper part of the Can- 
ning, which lacks any such control, may be 
faulty. 

HYDBOGRAPHY. 

During the numerous trips of the writer's 
yawl between Flaxman Island and Point Bar- 
row soundings were made, ordinarily at 15- 
minute intervals. In the open-boat journeys 



also as many soundings as possible were taken. 
In this manner about 1,500 recorded soundings 
have been made, mostly between Flaxman 
Island and the Colville. The soundings taken 
in boat trips close along the islands or the 
mainland are all easily located and can be 
entered with confidence upon the map. Many 
of those taken from the yawl during thick 
weather are doubtful. These soundings were 
first entered with as much accuracy as possible, 
and if there was any discrepancy between 
neighboring soundings they were erased. The 
soundings appear to be regular, except near 
the inside of the deeper entrances between the 
sand islands. The writer hoped to develop 
the topography of the bottom in important 
places but was unable to do so, except between 
Flaxman Island and the mainland. 

In addition to the soundings alongshore, 
a line of soundings was made to the north at 
about the 150th meridian. No bottom was 
found at 300 fathoms at a distance of more 
than 50 miles from the shore. 

XETEOBOLOOY. 

Observations. — ^A series of daily observa- 
tions, consisting of readings of the thermome- 
ter and barometer, direction and force of the 
wind, and notes upon the weather, was made by 
the officers of the ship at' Flaxman Island for 
a period of one year in 1906-7. The records 
have not yet been worked up and hence are not 
available for publication. 

Auroras, — Some notes on the auroras were 
entered in the meteorologic report. There was 
nearly always an irregular strip of greenish 
haze extending, according to the writer's 
memory, from southeast to northwest. Colors 
or noticeable motion were rare. Probably not 
more than half a dozen displays were suffi- 
ciently striking to cause general interest. The 
writer noticed on several cloudy moonless 
nights that almost as much light came through 
the windows as during the full moon. This 
light could only have come from the aurora. 

Parhelia, — No paraselenae were noted, and 
only a few poorly developed parhelia wer^ 
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seen on the coast, but during a spring trip up 
Canning River, while camping for several days 
in the vicinity of Shublik Springs, the writer 
witnessed an almost constant dis- 
play of parhelia. The steam from 
these copious springs filled the air 
with ice crystals during a spell of 
calm, clear weather. The most com- 
plete parhelia are shown in figures s^^ss^^se^^^^^i^ 
2 and 3. In reading Hastings's 
textbook on light ^ the writer finds 
that the subject has been developed 
theoreticallv. 

In Hastings's work^ a rare fea- 
ture is discussed. This has been de- 
scribed by several observers as a 
downward-facing semicircular arc, 
tangent to the circle of 22° around 
the sun. Hastings's calculations call 
for a parabolic arc at this place. In 
the sketches made by the writer this 
feature was drawn and noted to be a 
parabola. No measurements were 
made of the radi i of the different arcs. 



kelsen for nearly three months during the fall 
of 1906. These records were eagerly seized 
upon by Dr. BoUin A. Harris, of the Coast 
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FiouRK 2. — Parhelia, Canning River, April 9, 1908, noon to 2 p. m. 1, Das- 
zllng ; a straw-colored parabola, white inside. 2, Brilliant ; colored sue- 
cessiyely red, orange, blue, outward from sun. 3, Faint white arcs or 
complete circle of about 45** diameter ; area within darker than that out- 
side. 4, Brilliant ; colored successively red, orange, and blue, outward 
from sun ; straw and white, once noted here also. 5, Very faint colored, 
as in 2 and 4. 6, Faint white horizontal band, sometimes encircling 
the horizon. 7, Faint white circle of about 90** diameter, la. Bright ; 
colored red, orange, green, blue, outward from sun. ^ This piirt some- 
times seemed linear and sometimes to be convex to the sun. S, White. 
Above 4 and between the two wings, 8, the air was full of bright flashes 
of light from the nearer ice crystals. 9, White, vertical. 10, A faint 
white spot diametrically opposite the sun and at the same altitude. 




FiouR£ 3. — Parhelia, Canning River, April 10, 1908, 2 to 
6 p. m. For explanation see figure 2. 

TIDAL OBSEBVATIOHS. 

Hourly staff readings, supplemented bj' 
quarter-hourly readings near the times of 
liigh and low waters, were made by Capt. Mik- 

' Hastings, C. S., light. New York and London, 1001. 
•Idem, p. 218. 



and Geodetic Survey, and within a couple of 
months the calculations were finished. They 
have since been published.* 

XAOHETIC OBSEBVATIOHS. 

The writer had neither the instruments nor 
the time for comprehensive magnetic observa- 
tions, but as he believed that even rough ob* 
seTvations of the declination would be of value 
he made a few shortly before leaving the 
field. The bearing of the north mark was noted 
with two ordinary azimuth compasses. These 
compasses were afterward forwarded to the 
Coast and Geodetic Survey, which determined 
the corrections. Of course, this calibration is 
correct only for the latitude in which it was 
ascertained, but it is better than none at all. 
The following table will give an idea of the 
probable accuracy of the magnetic observa- 
tions: 

'Harris, R. A., Arctic tides, U. S. Coast and Geoletic 
Survey, Washington, 1911. 
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Observationa/or magnetic declination at the astronomical pier 
on Flaxman Island, northern Alaska. 



Date. 


Hour. 


Com- 
pass 
A. 


Com- 
pass 
B. 


Mean 

A(+ 
cor- 
rec- 
' tion). 


Mean 

B(+ 
cor- 
rec- 
tion). 


Cor- 
rected 
mean 
of A 
and 
B. 


1914. 
May 6. 


8.25 a.m.. 
8.25 a.m.. 

8.30 a.m.. 
8.30 a.m.. 

Mean... 

11.30 a.m. 
3 p. m 

6 p. m . .^ . 

Mean . . . 

11. 30a.m. 
12.40 p.m. 

4.45 p. m.. 

12.30 p.m. 
6.30 p.m.. 

8p. m 


o 

139.2 
139.3 

139.6 
139.6 


o 

143.3 
143.7 
143.2 

143.2 
143.2 


o 

139.4 
+3.6 


o 

143.3 
-2.2 


o 
142.0 




143.0 

139.4 
-f3.6 


141.1 

143.7 
-2.2 






139.4 


143.3 




May 6. 


139.2 
139, 4 

139. 5. 


143.6 
143.8 

143.8 


142.2 




143.0 

138.5 
+3.6 


141.5 

141.7 
-2.2 






139.4 


143.7 




May 13 


138.7 
138.6 

138.2 


142.3 
141.9 

141.8 


140.8 




142.1 

139.1 
+3.6 


139.5 

142.8 
-2.2 






138.5 


141.7 




May 15 


139.4 
139.0 

138.9 


142.9 
142.8 

142.8 


141.6 




142.7 


140.6 






139.1 


142.8 





Mean ))earing of north mark =14 1.6°. 
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ETHNOLOGY. 



Considerable attention was given to the com- 
pilation of an Eskimo grammar and diction- 
ary before it was realized that years of study 
would be necessary before sufficient knowledge 
of the language could be attained. Serious 
work was given up after learning that the mis- 
sionary at Point Barrow had already gathered 
much more material than the writer could hope 
to procure. Stefansson, who came into the 
country as an ethnologist, was able to devote 
his entire attention to this one subject. 

Many ancient Eskimo implements were ob- 
tained by digging out old house sites or by 
purchase. These objects have been presented 
to the United States National Museum. 



ZOOLOOY. 

At first some material was gathered as to 
the habits of the conspicuous birds and ani- 
mals, but Dr. Anderson, who later worked in 
the same area, was so much, better fitted for 
this work that the writer gave up such ob- 
servations. The small amount of material he 
had collected was turned over to Dr. Anderson. 
Some observations on the animals of the region 
are given on pages 62-66. 

GEOGRAPHY. 

LOCATIOH AKD OEKERAL FEATITKES OF THE CAH- 

HINO BIVER REOXOH. 

The Canning River region, as shown on the 
reconnaissance map (PI. I, in pocket), em- 
braces an area about 70 miles square south 
of Camden Bay. Geographically the region 
consists of two well-marked provinces, the 
mountains on the south and the Arctic slope 
on the north. 

The larger physiographic features of north- 
ern Alaska have been described by Brooks,^ 
as follows: 

A new name, Arctic Mountain system, Is proposed 
for the east and west trending mountain system of 
northern Alaslca formerly regarded as part of the 
Rocky Mountain system. Recent Investigations by 
Canadian and American geologists have shown that 
this is a distinct system from the Rocky Mountains, 
although they are connected by the flat-topped Rich- 
ardson Mountains, forming the Mackenzie-Porcupine 
divide. The Arctic Mountain system stretches west- 
ward from the international boundary to the Arctic 
Ocean north of Kotzebue Sound. It is not every- 
where sharply differentiated from the plateau region 
to the south, for in many places the dissected plateau 
remnants merge with the foothills of the ranges. In 
its western part the northern limit of the lowland of 
the Kobuk Valley affords a definite line of demarca- 
tion. On the north the mountains, so far as known, 
everywhere fall off abruptly to the Arctic slope. This 
scarp alTords a definite boundary line between the 
two provinces. The system is made up throughout 
its extent of two or more parallel ranges and In- 
cludes some broad lowlands. These lowlands are 
specially striking topographic features in the western 
half of the chain. The Arctic Mountain system Is 
continued east of the boundary by some mountains 
of lesser altitude. These end in a scarp at the Mac- 
kenzie delta, east of which, they have not been 
recognized. 



* Brooks, A. H., The physlo^rraphlc provinces of Alaska : 
Washington Acad. Sci. Jour., vol. 6, pp. 252-253, 1916. 
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The Arctic slope region has two siiJ[)divislons, the 
Anaistuvuk Piateuu and the Coastal Plain. The first 
forms a piedmont plateau, sloping northward from 
the base of the range. Along the Colville Uiver it 
has a width of about 50 miles, but It narrows to the 
east At the boundary it appears to be entirely absent, 
for here only a narrow coastal plain intervenes be- 
tween the mountains and the sea. The westward ex- 
tension of Anaktuvuk Plateau is unexplored. On the 
north the plateau Is bounded by a scarp which sepa- 
rates it from the Coastal Plain. This plain varies 
from a width of less than 10 miles at the boundary 
to over 150 south of Point Barrow. 

Beth provinces — the mountains and the Arc- 
tic slope — are drained by closely spaced north- 
ward-flowing rivers. Between the Colville and 
the 141st meridian there are ten large rivers, 
five of which are reported to head against the 
Yukon drainage, the Turner, Hulahula, Sadle- 
rochit, Canning, and Sagavanirktok. Two 
more, the Aichillik and Jago, may reach 
the divide, but the Okpilak, Shaviovik, and 
Kuparuk are known not to reach it. 

Of these rivers the writer has examined the 
Okpilak, Hulahula, Sadlerochit, and Canning. 

ABCTIC XOinrTAIH SYSTEM. 
GENERAL CHARACTER. 

As stated above, the Arctic Mountains run 
nearly east and west across Arctic Alaska. At 
the boundary line on the east they are about 60 
miles wide, according to Maddren.* Along the 
146th meridian, where the writer explored 
them, the width is probably 150 miles. Along 
the 152d meridian, according to Schrader,* they 
are 100 miles wide. 

Along the 141st and the 152d meridians the 
highest elevations are about 6,000 feet, but far- 
ther west, near Cape Lisburne, they are less 
than half this height. In the region south of 
Camden Bay, described in this report, although 
the general elevation along the central part of 
the range is probably about the same as that 
found to the east and west — 6,000 feet — ^there 
is a small group of snow-covered mountains, 
which reaches an elevation of 9,000 feet. 

Only two of the boundaries of the Arctic 
Kange are at present definitely known — the 

^Orftl commnnlcatlon. 

*Schrmder, F. C, A recoDnaissance in northern Alaska in 
1901 : U. S. Geol. Survey Prof. Paper 20, p. 89, 1904. 
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Arctic slope on the north and the Arctic Ocean 
on the west. The eastern limit lies near the 
boundary line, but the details of the relation of 
the Arctic and the Rocky Mountain systems 
have not yet been determined. The southern 
limit has been defined in places, but there are 
still gaps where the dividing line between the 
Arctic Range and the Central Plateau has not 
yet been decided upon. 

The echelon arrangement mentioned by 
Brooks' has not been observed in the area 
south of Camden Bay, although there are sug- 
gestions of it east of Jago River. From aa ele- 
vated outlook toward the east, on Okpilak 
River, outlying ridges can be seen, but from the 
coast between Barter Island and the boundary 
the mountain front appeared to present an un- 
broken line. From Jago River to the Okpilak 
the front riins approximately east and west, 
but on the west side of the O^ilak it trends to 
the northwest as far as Hulahula River. At 
this point the front of the main mountain mass 
recedes in echelon form several miles, and then 
trends westward as far as the Canning. Be- 
tween Hulahula and Canning rivers there are 
three small belts of mountains, which form out- 
liers parallel with the northern front of the 
main range. These outliers terminate abruptly 
at the Canning, and the mountain front recedes 
several miles again to that of the main range 
and then extends about west-southwest as far 
as the eye can reach. 

Schrader's map* shows the mountain front 
east of the Colville curving northeastward 
toward the ocean. The writer's observations 
indicate the same approach of the mountains 
toward the coast. Thev are not clearlv visible 
from the ocean west of the 148th meridian. 
From a point on the 150tli meridian in the 
clearest winter weather occasional glimpses 
were caught of mountains lying to the south- 
east, and peaks were thought to be identified 
which lay in the 147th meridian. This points 
to a rather abrupt change in direction of the 
mountain front somewhere west of the 147th 
meridian. Whether this change is in echelon 
form or is a simple bend in a continuous front 
is not yet known. 

' Brooks, A. II.. The geography and geology of Alaska : 
r. S. Geol. Survey Prof. Paper 45, p. 43, 1906. 
* Schrader, F. C, op. clt., pi. 2. ' 
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SUBDIVISIONS. 

Various names have been given to portions 
of the Arctic Range by the early explorers, 
and some of them must be omitted. The term 
British Mountains has been adopted by the 
boundary survey for the crest line on the 141st 
meridian. This name has been extended by the 
writer to cover the northern portion of the 
Arctic Eange between the boundary line and 
Jago River, where the Romanzof Mountains 
begin. Schrader^ has used the term Endicott 
Mountains for the portion between the 145th 
and 154th meridians. The terms Romanzof 
and Franklin Mountains were applied by the 
discoverers to portion^ of the Arctic Range 
which lie in the area discussed in this report. 

The term Romanzof was first applied by 
Franklin* to the high snow-clad mountains 
between Jago and Hulahula rivers. A few 
days later he saw some more mountains near 
Canning River and he included them under the 
same name. As the mountains first discovered 
are separated from those near the Canning by 
a structural break, the term Romanzof is con- 
fined in this report to the high snow-clad group 
at the northern front of the Arctic Range be- 
tween Jago and Hulahula rivers. Franklin's 
description is as follows: 

At 6 this evening [near Point Griffin 1 we 
passed the termination of the British chain of moun- 
tains and had now arrived opposite the commencement 
of another range, which I name<l after the late Count 
Romanzof. ♦ ♦ ♦ The day was verj' clear [at Arey 
Island] and exposed to our view the outline of the 
Romanzof chain of mountains, whose lofty peaks were 
covered with snow. 

The term Franklin Mountains was applied 
by Dease and Simpson ^ to the portion of the 
Arctic Range that lies west of Canning River 
and is visible from the coast. The writer has 
used the term to cover not^only the portion 
west of the Canning but also the part south 
of the three outlying ranges between the Can- 
ning and the Hulahula. The southern limit 
can not be fixed at present, from lack of infor- 
mation. It seems probable that there is a con- 
tinuous rugged belt at least as far south as 
the Arctic- Yukon divide. The eastern termi- 

* Schrader, P. C, op. cit., p. 40. 

* FraDklin, Sir John, Second expedition to the Polar Soa, 
pp. 145, 147, London, 1828. 

* Simpson, Thomas, DiscoTeiies on the north coast of 
America, p. 125, London, 184S. 



nation is against the Romanzof Mountains on 
the north, but there does not seem to be any 
break between the Franklin and British 
mountains south of the Romanzof Mountains. 
The western limit is also at present indefinite, 
for no break could be seen .from an elevated 
outlook on the Canning. It is not known 
whether the Franklin Mountains grade into 
the Endicott Mountains or are separated by a 
break at the northward-facing crescent (p. 49) 
east of the Colville. 

The outer two of the three outlying ranges 
south of Camden Bay have been given separate 
names by the writer. The southernmost range 
is simply called the Third Range. 

FRANKLIN MOUNTAINS. 

The northern boundary of the Franklin 
Mountains is everywhere sharp. In most places 
there is a bold escarpment that rises 2,000 to 
3,000 feet above the rolling upland. The south- 
em boundary, which for the present is arbi- 
trarily placed near the Yukon-Arctic divide, 
is, of course, indefinite. On the northeast the 
Franklin Mountains end definitely against the 
higher Romanzof Mountains, but on the south- 
east border they appear to merge into the 
British Mountains. Nothing is at present 
known of their boundary to the west. 

Along the northern front the Franklin 
Mountains are in general about 5^000 feet high, 
but between the forks of the Sadlerochit there 
is an area where they reach 7,000 feet. At the 
headwaters of the Hulahula they are probably 
not over 6,000 feet. Two notable peaks, Mounts 
Chamberlin and Salisburj^ rise above the gen- 
eral level of these mountains. Mount Cham- 
berlin, which is south of Lakes Peters and 
Schrader, is the most prominent feature of the 
interior landscape west of the Romanzof 
Mountains. Its double-peaked ice-clad sum- 
mit, which rises 3,000 feet above the neighbor- 
ing mountains, reaches a total elfevation of 
9,000 feet above sea level. Mount Salisbury, 
which is on the west side of the Canning, about 
60 miles from the coast, is also double peaked, 
but as it is not so high as Mount Chamberlin 
it does not stand out so conspicuously. Mount 
Chamberlin is shown in Plate XI, A and B. 

A better idea of the topography of the 
Franklin Mountains may be gained from the 
illustrations (Pis. XI, 5; XV, A, p. 58) than 
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can be given in words. From an elevated out- 
look very few separate peaks stand out against 
the even sky line, except at the headwaters 
of Sadlerochit River. In general, the moun- 
tains visible from the coast are free from snow 



m summer. 



ROMANZOF MOUNTAINS. 



This name is applied to a small group of 
high mountains covered with snow and gla- 
ciers confined to a roughly cii'cular area about 
15 miles in diameter, between the headwaters of 
Jago and Hulahula rivers. They are bounded 
on the east, west, and south by the British and 
Franklin mountainis. On the north there is 
only a narrow fringe of lower mountains be- 
tween the Romanzof Mountains and the Anak- 
tuvuk Plateau. 

They have been observed from all sides ex- 
cept the east to rise with a gradual biit defi- 
nite slope from the general mass of the Arctic 
Mountains. There is little variation in the ele- 
vations of the highest smnmits. They may be 
observed from Flaxman Island, rising slightly 
over the nearer ranges^ but east of Camden 
Bay they are very prominent. During the 
summer of 1912 Maddren did not see them 
from the coast at the 141st meridian. During 
this time the atmosphere was very hazy, proba- 
bly from the eruption of Mount Katmai. The 
engineers of the Boundary Survey, however, 
sighted upon high snow-clad peaks to the west. 
The angles and estimated distance of these 
sights indicate that the points are in the south- 
east part of these mountains. 

They are much more jagged than the other 
mountains of the region, and many separate 
peaks and ridges stand out from the general 
sky line, though as a whole, when viewed from 
a distant elevation, the mountains appear to be 
a solid mass. Snow and ice caps occur wher- 
ever a lodging place is found, and glaciers are 
numerous. Some of the individual peaks and 
ridges are concealed by domes of ice. The 
Romanzof Mountains are shown in Plate XII. 

OUTSmE RANGES. 

Of the three short mountain ranges that lie 
north of the Franklin Mountains, between Sad- 
lerochit and Canning rivers, the Sadlerochit 
Mountains are the northernmost. They run 
east and west for about 60 miles at ^ distance 



of 25 to 40 miles from the coast At the east 
end they are about 10 miles wide and at the 
west end about 5 miles wide. 

The northern front is crescentic and for 
most of the distance a bold fault scarp rises 
about 2,000 feet above the rolling upland. On 
the south side the mountains rise more gradu- 
ally Out of Ignek Valley and with, an even 
slope. At both ends they have a general eleva- 
tion of over 4,000 feet, but in the middle, near 
Katakturuk River, they are noticeably lower. 
They are traversed near the eastern end by 
the broad, open valley of Itkilyariak Creek, 
and near the middle, according to the natives, 
by Katakturuk River. The crest line, though 
narrow, is fairly even. Only two peaks stand 
out sharply enough to be recognizable from 
different directions, so that they can be used 
for triangulation stations. 

The middle range, called the Shublik Moun- 
tains, is shorter, wider, and in general higher 
than the Sadlerochit Mountains. The western 
end juts out several miles to the west of the 
Sadlerochit Mountains, but the eastern end is 
hidden from view from the coast. The Shu- 
blik Mountains are sharply bounded on the 
north by a fault scarp, but on the south the 
slope is more gradual, and there are a few foot- 
hills at their base. The eastern end gradually 
descends to the open basin of Sadlerochit 
River, but the western end is more abrupt 
against the Canning. An outlier is cut off at 
the west end, but the rest of the range, as 
viewed from both ends, seems to have no 
transverse vallevs. 

The third range from the coast, which is 
called in this paper the Third Range, is very 
narrow between the Canning and the Sad- 
lerochit, and the crest line is a single ridge. 
In the open basin of the Sadlerochit there are 
a couple of isolated mountains which have been 
cut off from the Third Range, and a short 
range that abuts against Hulahula River seems 
to fall in the same line. 

ARCTIC SLOPE. 
ANAKTUVUK PLATEAU. 

a 

There is a rolling tundra upland between the 
Arctic Mountains on the south and the coastal 
plain on the north, which is in strong physio- 
graphic contrast to the mountains, but only 
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moderately so to the coastal plain. On the 
west side of the Canning this upland is about 
40 miles wide. From an elevated outlook it 
could be seen to extend westward with in- 
ci-easing width to the limit of vision. There 
can be little doubt that this upland continues 
westward beyond the Colville, wiiere Schra- 
der ^ describes a similar upland under the name 
of Anaktuvuk Plateau. It is 80 miles wide at 
the Colville. Collier ^ describes a similar fea- 
ture still farther west, at Cape Lisburne. 

In front of the Sadlerochit Mountains a 
fairly uniform width of about 20 miles is main- 
tained, but at Sadlerochit River the upland 
ends toward the east in a bold scarp. It con- 
tinues southeast around the eastern end of 
the outside belt of mountains and swings into 
the open basin of Sadlerochit River and across 
the front of the Romanzof Mountains. 

On Okpilak River the upland is less than 
15 miles in width. Onlv a narrow bench could 
be seen in front of the British Mountains. To 
the east, where these mountains approach the 
boundaiy line, nothing of the upland was seen 
from the coast. Maddren reports* that here 
there are interstream benches, which probably 
mark the level of the Anaktuvuk Plateau, but 
no upland area along the mountain front. 

O'Neill, of the Canadian Arctic expedition,* 
finds that east of the boundary a narrow coastal 
plain passes abruptly into a rolling plateau, 
which slopes gradually upward and terminates 
at the north face of the mountains. 

As stated above, the southern boundary of 
the upland is everywhere very definite against 
the bold front of the mountains. There was 
no place observed by the writer where the es- 
carpment was not at least' a thousand feet in 
height. The northern boundary, though as a 
rule definite, is by no means so marked as the 
southern. As far to the west as the upland 
was observed, the northern front rises with a 
slope of 15°-20° from the flat coastal plain, 
and this slope is generally present' elsewhere. 
In one place only, on Katakturuk River, the 

1 Schrader, F. C, op. cit., pp. 45-46. 

•Collier, A. J., Geoloffy and coal resources of the Cape 
Lisburne region, Alaska : U. 8. Oeol. Survey Bull. 278. p. 14, 
1906. 

' Oral communication. 

*• O'Neill, J. J., Canadian Arctic expedition : Canada Geol. 
Survey Summary Kept, for 1014, pp. 112-113, 1015. I 



break is scarcely noticeable from a distance. 
The maximum observed break is near Sadle- 
rochit River, where the upland may rise as 
much as 300 feet above the coastal plain. 

The upland slopes gradually seaward 
throughout the area studied. West of the Can- 
ning, near the mountains, it has an approxi- 
mate elevation above the river bed of 1,000 feet 
and above the sea level of 1,500 feet. Where it 
ends on the north it rises roughly 100 feet 
above the coastal plain and 300 feet above sea 
Jevel, the decrease in height being 1,200 feet 
in 35 to 40 miles. On the east side of the Can- 
ning, opposite Sadlerochit Mountains, the ele- 
vation is much lower than that on the west 
side, but on the northern front the upland is 
approximately the same height on both sides 
of the river. On Okpilak River the elevation 
is about 3,500 feet, whiclj is apparently main- 
tained for" some distance eastward. 

The upland seems a nearly featureless plain 
when viewed from an elevation. The only 
noticeable projections above the general level 
are a few foothills at the head of Marsh Creek 
and a gentle ridge between this creek and Ka- 
takturuk River, near the coast On the east 
side of the Canning there are a few irregu- 
larities of surface due to glacial deposits. The 
upland as a whole is a fairly level plain cut 
by valleys that trend north and south. The 
evenness of the sky line upon the Canning is 
shown in Plate XIII, A^ and on the Hulahula 
in Plate XIII, B. In these areas only one 
lateral stream has made a noticeable cut in 
the sides of the main vallev. On the other 
hand, the area between Katakturuk and Sad- 
lerochit rivers seems to be in a more mature 
stage of erosion. Here there are numerous side 
streams, and the country is more open and 
rolling. 

COASTAL PLAIN. 

The writer has examined the outer margin 
of the coastal plain along the entire north 
coast of Alaska. Between Barrow and Saga- 
vanirktok River the plain is so wide that its 
southern margin can not be seen from the coast. 
The upland comes into view east of this river 
and continues in sight from the coast as far 
as Martin Point. The width of the coastal 
plain on the Colville is 80 miles, and it narrows 
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toward the east until near Collinson I'oint the 
upland fronts the^ea. East of the Sadlerochit 
it abruptly widens to about 50 miles and then 
narrows where the British Mountains ap- 
proach the ocean at the boundary line. 

The coastal plain is definitely limited on the 
south by the Auaktuvuk Plateau. The north- 
em boundary is, of coui-se, the Arctic Ocean, 
but there is only a slight breali in the profile 
a1 the coast line. The maximum break, at 
Barter Island, may be 30 feet, but this is ex- 
ceptional. The average high bank is not 
more than 15 feet above sea level, and there 
are many places where there is scarcely a break 
of 1 foot. From a height only slightly above 
the sea level the coastal plain rises very gradu- 
ally to a height of about 200 feet at its southern 
margin on the Canning, where it is about 20 
miles wide. On the Okpilak, 40 miles from the 
coast, the altitude was about 1,200 feet. The 
grades on the two rivers are 10 and 30 feet 
to the mile, respectively. 

The coastal plain is so featureless that there 
are many places in which one would become 
lost without a compass (PI. XIV, A), In all 
directions there may be simply a flat tundra 
plain dotted with fallow ponds and lakes. 
Many of the larger rivers flow through such 
shallow cuts that their existence might not be 
suspected at a distance of half a mile. There 
IS an exception to the usual dead level of this 
tundra plain at Barter Island and the area 
south of it. This island has a rolling surface, 
which may rise as much as 60 feet above the 
sea. South of the island»the mainland is only 
a few feet above the sea, but 6 to 8 miles south- 
ward, the plain increases perceptibly in height 
and becomes somewhat undulating. Herschel 
Island, about 500 feet high, is so notably above 
the level of the coastal plain that it can not be 
considered a part of it. There are also two 
outliers of the upland a few miles out on the 
coastal plain east of Okpilak River. 

Locally the dead level is broken by large 
mounds, which rise abruptly from the sur- 
rounding plain. These moimds are usually in 
the form of rounded domes whose altitude 
above the plain may reach a maximum of 
nearly 800 feet, although most of them are less 
than 50 feet high. They are very abundant in 
the neighborhood of Kadleroshilik and Ktipa- 
"I nvers, as many as 40 being counted from a 
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single place. A detailed description of these 
mounds is given under the heading " Cenozoic 
deposits" (pp. 150-155). 

A minor feature, yet one that is noteworthy 
in a region of such slight relief, consists of 
low gras.sy hummocks, from 1 to 3 feet high, 
which are scattered sparingly over the flat 
tundra plain. They have a heavy coating of 
turf and support a luxuriant growth of vcge- 
tntion. Probably they are in part formed by 
the lodgment of wind-blown material, but 
within them the ordinary superficial forma- ■ 
tions, in some places containing pebbles, have 
been found above the general level of the plain. 
There was evidently a slight bulging of the 
ground, which later was built up by vegetation. 
No doubt in the formation of these hummocks 
tlie action of frost is concerned, but the process 
is not clear. 

The polygonal markings upon the surface 
of the coastal plain are fully described under 
the heading " Ground ice" (p. 205). There are 
two different phases of this phenomenon. The 
more conspicuous phase is a division of the sur- 
face into rectangles by a system of parallel 
ridges, which often inclose ponds. The relief 
of the ridges above the bottoms of the ponds 
may be nearly 3 feet. The ridges themselves 
are separated by a depression of not more than 
1 foot In the bottom of this depression there 
is usuallv an open frost crack about an inch 
wide. (See Pis. XXIX. B, p. 205. and XXX. 
A, p. 206.) 

The other phase of the polygonal surface 
topography consists of a network of shallow 
depressions, which surround higher blocks of 
the tundra. The relief is about 1 foot, but 
near banks the depressions may be deepened 
by erosion, so that the blocks stand out in 
strong relief (PI. XXX, 5, p. 20f>). A map 
of one of these areas is shown in figure 2G 
(p. 210). 

In the deltas of the rivers the western banks 
are usually covered with silt dunes. They are 
typically developed as a single row immedi- 
ately over the bank, but on the Sagavanirktok 
they are massed together over a belt several 
hundred yards wide. 

Even the larger rivers have cut very slightly 
info the plain. Banks 10 feet high are excep- 
tional, and the maximum observed height was 
probably less than 15 feet. The drainage origi- 
nating in the plain itself has established very 
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few lines. Tlie surface waters collect into 
ponds and lakes, and the overflow seeps through 
the grass to the nearest stream. Some of the 
larger lakes have definite outlets in the form of 
widely meandering surface streams so narrow, 
that one can step across them. Some of these 
streams are deep and carry a large flow -of 
water. Near the river . banks and the coast 
these streams have cut guUeys, but pn none of 
the creeks examined by the writer do these 
guUeys run back for more than a mile. This 
slight development of the drainage of the 
coastal plain is only true in the areas where 
the plain is narrow. West of the Colville. 
where the plain is over 100 miles wide, the 
streams have probably developed high banks. 
The writer has made no attempt to map the 
drainage of the coastal plain beyond the de- 
tails seen in winter trips. In the northwest 
comer of sheet No. 1 of the International 
Boundary Survey a group of ponds along the 
one hundred and forty -first meridian is shown. 
Only one of these ponds has a mapped outlet. 

CX)AST LIKE. 

Between Point Barrow and the Colville there 
are three notable bays; east of the Colville 
there are none. Camden Bay is simply an un- 
dulation in the generally straight coast line. 
As Schrader has described the stretch between 
the Colville and Point Barrow,^ the writer will 
discuss the coast line east of the Colville. 

Between Colville Eiver and Herschel Island, 
a distance of 300 miles, the coast is so straight 
that a vessel could set a course and never be 
more than 20 miles from land. The first hun- 
dred miles of coast^ to Flaxman Island, has 
hardly a bend; then there is a slight bend in 
and out of Camden Bay, and again a straight 
line from Martin Point to the boundary line. 
The land along the whole coast is very low, 
being often invisible from a small boat 2 or 
3 miles at sea. A bank 15 feet high is a land- 
mark for many miles, arid 20 feet is exceeded in 
few places. For a few miles east of Collinson 
Point the upland fronts the ocean and rises 
to an altitude of more than 200 feet within a 
mile from the coast. 

Most of the coast is fringed with islands in 
the form of barrier reefs, which inclose 

^ Schrader, F. C, A reconnalBsance in northern Alaska in 
1901 : U. S. Geol. Survey Prof. Taper 20, pp. 48-49, 1904. 



stretches of water locally called lagoons. 
These islands are composed chiefly of sand 
and gravel, but there are half a dozen which 
consist of the same formation as the mainland. 
The rivers have mud flats in keeping with 
their size and the degree of protection from 
tjie waves or current of the ocean. There are 
a few small bays suflSciently prominent to re- 
ceive names, but in a region of greater com- 
plexity they would be unnoticed. West of 
Tigvariak Island a few isolated mounds are 
usually in sight from the coast. 

To sum up, the north shore of Alaska is 
characterized by low mud banks, shallow 
lagoons, sand spits and islands, and mud flats. 

CONTINENTAL PLATF0R3I. 

' There is a wide continental platform north 
of Russia and Siberia, from which rise the sev- 
eral groups of islands between Spitzbergen and 
Wrangell Island, and another wide platform 
north of Canada. There was, therefore, good 
foundation for the belief that the continental 
3helf was as wide north of Alaska as it is 
loiown to be both to the east and to the west. 
Not many miles from the coast, near Herschel 
Island, McClure had taken a few soundings ap- 
proaching 200 fathoms without reaching bot- 
tom, but these were held to be doubtful from 
the report that they were taken with a rope. 
Near Point Barrow some depths over 140 
fathoms are reported, so that the platform 
was believed to be narrow at Point Barrow, 
but to widen abruptly on either side. 

In the spring of 1907 Capt. Mikkelsen and 
the writer, accompanied by a sailor, made 
soundings through the sea ice to a point about 
100 miles from the coast between the 148th and 
150th meridians. At about 60 miles from shor,e 
the depths increased from 30 to 320 fathoms in 
2J miles. Beyond this point no bottom was 
found at the greatest depth reached by such 
sounding apparatus as was at hand (about 320 
fathoms) . The profile of the ckiean bottom at 
this place is given by Mikkelsen.* There is no 
doubt that this abrupt increase in depth marked 
the outer margin of the continental shelf. 

The writer has taken numerous soundings in 
depths less than 8 fathoms, and has found the 
bottom very regular, except in the neighbor- 

* Mikkelsen, Etjnar, Conquering the Arctic ice, p. 430, Lon- 
don and Philadelphia, 1900. 
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hood of the barrier islands and mud flats. 
There are a few shoals, which comprise the 
submerged parts of the barrier reefs, but in 
depths greater than 7 fathoms the soundings 
alongshore change gradually. 

DBAINAGE. 

In the mountains the rivers flow through 
more or less marked glacial troughs; in the 
upland through open valleys; and in the 
cosistal plain nearly at the surface of the 
tundra. In view of their length their close 
spacing is remarkable. Where the mountain 
structure is not complex, as on the Canning, 
the main stream cuts across the strike and the 
tributaries follow the strike, as was descril>ecl 
bv Schrader^ for the Colville. On the Hula- 
hula and the Okpilak, where the rock is granite 
or schist of more or less uniform hardness, 
this rectangular drainage is not observed. 

OKPILAK RIVER, 

The Okpilak heads among the glaciers of 
the Romanzof Mountains and flows 70 miles 
northward to the Arctic Ocean. Near the 
head two forks come together from southwest 
and southeast and form the main stream. The 
upper 20 to 30 miles of the course lies in a 
deep glacial trough and the succeeding 10 or 12 
miles in a straight open trench in the Anak- 
tuvuk Plateau. Throughout the remainder 
of the distance the river flows nearly at the 
level of the coastal plain. 

The west fork has its source in a glacier 
which fills the upper 6 or 8 miles of the valley. 
The whole area around the head of this glacier 
is so covered with snow and ice that scarcely 
a rock can be seen even in the summer. Dome- 
shaped ice-covered peaks and rounded ridges 
here rise several hundred feet above the gen- 
eral level of the glacier (PI. XVIII, p. 156). 
Below this region steep rock cliffs appear, 
broken by the lateral feeders to the main ice 
stream. 

The lateral glacial streams join with the sub- 
glacial waters at the end of the glacier to form 
the west fork, which flows rapidly through 
rock gorges or in an undulating course between 
alluvial cones and moraines from the side gla- 

1 Schrader, F. C, op. clt., p.. 4.3. 



ciers. The mountains here rise between 3,000 
and 4,000 feet above the river bed, with such 
steep slopes that the higher peaks are invisible 
from the valley floor. 

The east fork repeats the same features as 
far as it was explored. It is apparently shorter 
and narrower than the west fork. It is not 
known whether it heads in a glacier, but where 
it comes intp view from the south several lat- 
eral glaciers were seen to reach nearly to the 
river bed. 

The main stream below the forks flows in a 
deep, well-marked glacial trough to the edge 
of the mountains. For the first 6 miles the 
valley has a rock floor three-quarters of a mile 
wide, covered with moss .and boulders, into 
which the river has intrenched itself 20 to 30 
feet. This rock floor pitches down and under, 
a gravel floor, which attains a width of over a 
mile near the edge of the mountains. Numer- 
ous alluvial cones are built out on the flat val- 
ley bottom. Benches formed by talus slump- 
ing are a conspicuous feature also. 

Beyond the mountains the river flows in a 
trough cut about 1,000 feet into the Anaktuvuk 
Plateau. The steep valley walls are formed by 
two even-crested ridges, which separate and 
die out into the coastal plain about 12 miles 
farther north. In tlie coastal plain the valley 
is about a mile wide and is bounded by mud 
banks generally only a few feet above the 
river bars. The maximum recorded height is 
15 feet. Within these banks there are wide 
brush-grown flats almost at the level of the 
stream. 

After leaving the rock gorge below the forks 
the river spreads out in many channels, which 
meander among low, brush-covered gravel bars. 
At ordinary stages of water there are three or 
four shallow streams which can be easily 
waded, but after a hot day, when the river is 
swollen by melted snow and ice, there may be 
a dozen streams more than knee-deep and 
many more less than a foot deep. At the edge 
of the mountains the river is contracted into 
a single channel by a glacial moraine. Below 
this moraine, although the river spreads out 
again, it is difficult to cross, owing to its rapid 
current. It is probable that much of the drain- 
age in the mountains was underground among 
the gravels, for, though the river was easily 
crossable anywhere within the mountains, the 
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writer's party was unable to ford it in July 
anywhere between the mountains and the coast. 

A few miles from the coast the bank which 
separates the Okpilak from the Hulahula ter- 
minates, and the flood plains of the two rivers 
unite to form a flat several miles wide. About 
a mile from the ocean the two rivers join and 
enter their common delta, where they split up 
into four or five distributaries among as many 
silt islands. 

The Okpilak has a higher grade than any 
other river investigated by the writer. In only 
70 miles it falls about 5,500 feet (the approxi- 
mate elevation of the lower end of the glacier 
on the western fork), which is 80 feet to the 
mile. In some of the steeper^^retches in the 
rock gorge in the mountains one frequently 
hears the sound of rolling boulders. The swift 
current keeps up to the slack water near the 
head of the delta. It is doubtful whether the 
Okpilak is boatable without extreme effoil. In 
July there were many places outside of the 
mountains where the depth was less than 2 feet, 
but the current was so swift that it was impos- 
sible to keep one's footing. 

HULAHULuV RIVER. 

The Hulahula was explored nearly to its 
source by sled in the winter. Hardly any notes 
were taken on this winter trip, as the writer 
intended to return in the summer for detailed 
work in geology. As this proposed trip was 
not made, the information is rather scanty. 

The Hulahula heads against the Chandalar 
drainage and flows northward in a nearly 
straight line for about 80 miles. The upper 
half is within the mountains in a moderately 
open valley, and the lower half is in the up- 
land and coastal plain. Two branches join 
from the south and northeast near the head- 
waters to form the main stream. The south 
fork has a reported open pass to the Yukon 
drainage. The northeast fork heads about 15 
miles away on the southern slopes of the Ro- 
manzof Mountains. It is probable that this 
fork comes close to the headwaters of Jago 
River, but no information could be obtained 
from the natives on this subject. 

The main valley below the forks is wide, 
and though it shows the effects •t)fglaciation 
they are much less conspicuous than they are 



on the Okpilak. Near the northern front of 
the mountains the river flows for a mile or two 
in a narrow canyon, which is cut perhaps 200 
feet into a compact greenstone. From its as- 
pect in winter this canyon is probably not pass- 
able in summer by boat or on foot. Below this 
canyon the river leaves the mountains and 
spreads over a flat half a- mile wide, at the 
bottom of an open valley in the upland. This 
wide floor continues northward for 10 to 15 
miles; then it narrows, and the river meanders 
through an area of glacial drift in a flat only 
a couple of hundred yards wide. Beyond the 
northern edge of the upland the river runs for 
a few miles in a narrow channel cut 5 to 10 
feet into the coastal plain. About 20 miles 
from the coast the banks separate, and the river 
spreads out over a flat perhaps a mile wide. 
In winter this place is continually flooded and 
a notable thickness of ice is built up. 

Near the coast the Hulahula joins the Okpi- 
lak, as noted above. The main channels of 
the delta are reported to be 3 or 4 feet deep 
and the river itself to be boatable for at 
least 20 miles and possibly to the edge of the 
mountains. 

SADLEROCniT RH'ER. 

The Sadlerochit heads in several northward- 
flowing branches in the high area southwest 
of Mount Chamberlin. These branches gather 
into a single river in the open basin behind the 
oast' end of Sadlerochit Mountains. The river 
then curves around the east end (rf these moun- 
tains and flows directlv north to the ocean. 
The total length is estimated to be about 80 
miles. There are two important branches — 
the west branch or main river, and the lake 
branch, which drains some glacial lakes. 

From an elevation in the open basin the main 
river could be seen flowing northward out of 
a narrow valley in the jitgged mountains. It 
then turns northeast in the basin and cuts 
northward through two gaps in the east ends 
of the outlying ranges ; it then flows northeast 
along the south side of the Sadlerochit Moun- 
tains, where it is joined by the Lake Fork. 
Below this point it swings in a big curve 
around the east end of the range, cutting 
strongly against the eastern banks. Between 
the mountains and coast the river was not ex- 
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amined. It was seen from a distance that it 
flows against the scarp of the upland which 
lies on the west side. 

The delta is about a mile wide and has the 
usual mud flats and silt dunes. There are re- 
ported to be two distributaries. 

From the outlook at the head of the glacial 
lakes, the Lake Fork of the, Sadlerochit was 
observed to curve from the east and run 
straight north for about 4 miles in a deep 
glacial trough whose sides were so steep that 
it was impossible to see the upper slopes from 
the valley floor. Several ice caps and clitf 
glaciers were observed at the limit of vision, 
and there was one glacier which reached nearly 
to the river bed. This trough continued north- 
ward a few miles farther to form the l^asin for 
the upper glacial lake. 

The upper lake, Lake Schrader, which is 
about 4 miles long and a mile wide, fills the 
whole valley floor, so that the water washes 
the steep rock walls on each side. The moun- 
tain sides are here about 3,000 feet high, and 
the trough is so strongly U-shaped that Mount 
Chamberlin can be seen from only one place 
on the lake, although it is 6,000 feet higher 

than the lake and only 3 miles away (PI. XI, 
fi, p. 60). 

The lower end of the lake is dammed by an 
ulluvial flat that extends out from the west side 
Dearly • across the valley, leaving a narrow 
channel which leads a few hundred yards to 
Lake Peters. Here the high mountains cease, 
and the lake lies in an open basin whose slopes 
rise only a few hundred feet' above the water. 
The lower end of Lake Peters is formed by a 
inorainic dam, but there is little surface evi- 
dence of this fact. The area around its outlet 
is a gently rolling, boulder-covered upland 
similar to that on all sides. 

Both these glacial lakes are reported to be 
very deep, and to judge from the topography 
this may well be true. The writer was unable 
to make sounding except near the beach. Here 
9 few yards from shore, near an alluvial cone 
that projected out into the lake, he found 6 
fathoms. The ice was 5 or 6 feet thick in June, 
and it is reported to last until September. 

The outlet of Lake Peters is a narrow valley 
with gentle slopes 30 to 50 feet high. The flat 
floor was paved with boulders, and no water 
was flowing out at the time of visit in June. 



In fact, seepage from melting snow banks was 
flowing upstream and into the lake. High 
water marks were shown by beaches that 
curv^ed into this outlet about 4 feet above the 
level of the lake at that time. As there was a 
heavy inflow into the lake by the still-flooded 
streams, a corresponding subflow must take 
place through the glacial dam. This outlet 
valley was followed for a few miles, and the 
gathering stream could be stepped across at 
any place. Near the main river the Lake Fork 
receives several feeders from east and west so 
that it carries a considerable volume of water. 
The chief feeder is a short stream which 
heads in an open valley north of Lake Peters, 
and there can be little doubt that it receives the 
subflow of the lakes. Six miles below the lake 
the stream was of such large volume that it 
could be crossed only with difficulty. After 
following it for some distance a crossing was 
made where it undercut a heavy bed of ice. 

CANNING RIVER. 

The Canning is the largest of the four rivers 
examined by the writer and is probably ex- 
ceeded only by the Colville, the Sagavanirktok, 
and the Turner. Schrader ^ quotes S. J. Marsh 
as estimating the length to be 280 miles,^ 
but this must be an error, for Marsh's map, 
in the files of the United States Geologi- 
cal Survey, shows a length of not over 160 
miles. The writer, after comparing his own 
measurements with those of Marsh in the lower 
portion common to both maps, estimates that 
the length is not more than 120 miles. 

About 70 miles from the coast, near the 
writer's farthest station, the river divides into 
two forks. The forks are reported to head 
close together and to flow nearly parallel for 
50 miles until they join. Here the east foi:k 
or main river is notably larger than the other,, 
as can be seen in Plate XV, A. The valley is 
open and trough-shaped, and the slopes rise on 
both sides to a height of 3,000 feet. The west 
or Marsh Fork is also trough-shaped, but nar- 
rower. Below the forks the river flows to the 
northwest in an open basin as wide as the 
two upper valleys combined. The flat floor, 
nearly a mile wide, was covered at the time of 
visit in June, by a deposit of ice at least 12 

^Schrader, F. C, op. dt., pp. 30-31. 
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feet thick, through which the river was flow- 
ing in a narrow canyon. A few milea below it 
turns sharply north again and flows for several 
miles in a wide, open valley to the edge of the 
Franklin Mountains. There the river, which 
had spread out over a wide flat, narrows ab- 
ruptly into a single stream and flows through 
a rock gorge perhaps 60 feet deep and not 
many hundred feet wide. 

Beyond the Franklin Mountains the river 
enters an open basin, west of which the sur- 
face rises about 1,000 feet to the Anaktuvuk 
Plateau and east of which it slopes to a low 
area at the junction of two tributaries. Eight 
miles farther north the river cuts close to the 
west end of the Shublik Mountains and then 
flows past the Sadlerochit Mountains and con- 
tinues through the upland. The hills with- 
draw from the w«st side of the river, but close 
along the east side a bluff about 100 feet high 
runs to the edge of the upland, about 20 miles 
from the coast. From that point the river 
flows aknost at the surface of the flat coastal 
plain, splitting into two distributaries, which 
empty into the ocean about 10 miles apart* 

REPORTED DRAINAGE. 

Turner River is probably the largest stream 
between the Canning and the Mackenzie. It 
empties behind Icy Reef, west of Demarca- 
tion Point. The natives say that it heads 
well behind the headwaters of Aichillik River 
aiid affords- an easy pass for sleds to the 
Yukon drainage. It flows about northeast un- 
til it is -out -of the mountains and then bends 
toward the coast. The natives say that it is 
longer than the Canning. There is much wil- 
low, for firewood along its course and many 
fishing places. 

.Aichillik River empties a short distance to 
the west of the Turner^ and the writer has 
seen the mud flats and silt dunes of its delta. 
It is reported to head in a jagged, mountain- 
ous region, where glaciers are numerous. The 
passes to other rivers are few and difficult, even 
for packing. There is very little willow for 
firewood along its course. 

Jago River also heads in a region of snow- 
clad mountains. The western branches drain 
the Romanzof Mountains and the main branch 
heads behind them, probably against the Hula- 
hula. No native had ever ventured up this 



river until recently, as they believed it con- 
tained devils. No passes for sleds have been 
found and no native has ever crossed over to 
the Hulahula. Wood and fish are very scarce, 
so the natives do not often enter the mountains 
on this river, even though now the devils have 
been driven off. 

Shaviovik River heads in the northern edge 
of the Franklin Mountains. Several branches 
gather a sufficient volume of water to make a 
good-sized river near the coast. It is probable 
that canoes could be taken up it for 20 miles. 

The Sagavanirktok is the second largest 
river west of the Mackenzie. Two important 
branches gather most of the northward-flowing 
drainage of the Arctic Mountains between the 
Colville and the Canning. Only two white 
men have ascended it from the coast, but there 
are reports of prospectors who have come over 
to its headwaters from the Yukon. H. T. 
Arey, the prospector who went up the west 
branch in February, 1910, in an attempt to 
reach Coldfoot on the Koyukuk, reports it to 
be 250 miles long. As Arey's estimates usually 
exceed the writer's measurements bv a definite 
amount, a length of about 200 miles is probable. 
Wood is abundant almost to the divide. 
Natives had reported an easy pass over to the 
Yukon drainage, but Arey failed to find one, 
after searching until his food was nearly gone. 
Later investigation brought out the fact that a 
pass does exist, over which a sled may with 
great difficulty be transported. Natives from 
the coast have taken canoes many miles up 
the river and no doubt could take them nearly 
to the head had they any reason for doing so. 
The delta of this river is about 15 miles wide. 
The Sagavanirktok has two distributaries like 
the Canning. 

Kuparuk River is reported to head near the 
north front of the mountains in a lake. Its 
delta is of about the same size as that of the 
Canning. Kuparuk River has little wood and 
is boatable for only a few miles. 

Itkillik River heads behind the Kuparuk 
and flows west of north until it empties into 
the head of the Colville delta. 

SPRINGS. 

There are two springs which deserve men- 
tion. The larger one by report is the Shublik 
spring, at the we^t end of Shublik Mountains, 
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at the contact of the Lisbume limestone and 
the Sadlerochit sandstone. Several large 
springs gush out of the lower slope of the 
mountain, at an elevation of about 400 feet 
above the river, and gather together into a 
foaming torrent that can not be crossed on 
foot. These springs flow all winter, and the 
river is locally kept open. In June the water 
in one of the outlets had a temperature of 
43° F. 

The other springs are reported by the Ca- 
nadian Arctic expedition to be similarly lo- 
cated at the northeast end of Sadlerochit 
Mountains. The temperature of the water in 
October was 50° F. at some distance from the 
source, 

EYIDEirCES OF LAND NOBTH OF ALASKA. 

As the discovery of the land which is sup-^ 
posed to exist in the Arctic Ocean was the 
object of the expedition in which the writer 
entered the northern Alaskan region, and as an 
actual search was made, though with negative 
results, it seems of interest to outline the argu- 
ments for its existence. Eminent geographers 
had long held that a considerable area of land 
existed in the unexplored portion of the Arctic 
Ocean, but not until Dr. Harris, of the United 
States Coast and Geodetic Survey, brought out 
the evidence from the tides, did the theory have 
a firm scientific basis. In his earlier investiga- 
tions Dr. Harris had gone so far as to outline 
the distribution of this land.^ In his latest 
reports, which embody the tidal observations 
taken by i^eary in Greenland and by Mikkelsen 
and the writer at Flaxman Island, Alaska, he 
presents his conclusions still more emphati- 
cally. The latest evidence from the tides is 
' published at some length,^ and a shorter article 
sums up the evidence from all sources.^ Mik- 
kelsen in his narrative of the expedition of 
which he and the writer were joint command- 
ers also gives an outline of the state of opinion 
at the time of his writing.* 

* Harris, R. A., EMdenceB of land near the North Pole : 
Eighth Internat. Geog. Cong. Kept., pp. 397-400, 1904. See 
also Nat. Geog. Mag., vol. 15, pp. 255-261, 1904 ; U. S. Coast 
and Geodetic Surrey Rept, 1904, pp. 381-389. 

s Harris, R. A., Arctic tides, U. S. Coast and Geodetic Sur- 
vey, 1911. 

* Harris, R. A., Undiscovered land in the Arctic Ocean: 
Am. Mos, Nat. Hist. Jour., vol. 13, No. 2, pp. 66-61, 1913. 

* Miklcelsen, BJnar, Conquering the Arctic ice, London and 
Philadelphia, 1909. 



The main line of argument from the tides is 
as follows : The tides of the Arctic Ocean are 
of the Atlantic type and are propagated from 
a wave which enters the Arctic Ocean between 
Greenland and Spitzbergen. If there were no 
obstructions in the polar basin, this wave 
would reach the northern shores of Siberia and 
Alaska at nearly equal times and with nearly 
equal amplitudes. As a matter of fact, there 
are sufficient tidal records along these shores 
to show that the Atlantic wave first strikes 
Siberia and then proceeds eastward with de- 
creasing amplitude. This behavior can be ex- 
plained only as being caused by an obstruction 
which occupies a notable portion of the Arctic 
Ocean. The boundaries of this supposed land 
are indicated by the drifts of the Jeannetie and 
the Fram^ as well as by less evident phe- 
nomena. 

With reference to the portion of this land 

which is nearest to Alaska, Harris^ in 1913 

gave the following statements: 

That there is a northern coast to Beaufort Sea, in 
some such position as that shown in the diagram and 
extending from north of Point Barrow nearly to Banks 
Island, can be inferred from the following considera- 
tions : 

1. The ice In Beaufort Sea does not drift freely to 
the northward and Is remarkable for its thickness 
and age. '♦ ♦ ♦ 

2. The observations ♦ • • indicate not only a 
considerable westerly drifting when the wind is from 
an easterly direction but also little or no movement 
of the ice when the wind is westerly. These circum- 
stances, as far as they go, tend to show that Beau- 
fort Sea is nearly landlocked in all directions except 
the west. 

3. * • • Observations made ♦ ♦ • just 
west of Point Barrow * • ♦ show that a west- 
southwest wind may. in extreme cases, cause the daily 
sea level to stand nearly 3 feet higher than when the 
wind is from the east-northeast. Observations taken 
on the south side of Flaxman Island ♦ * * show 
that ♦ ♦ • the fluctuation in the daily sea level 
amounted to 2 feet, the lowest stage occurring at the 
time of northeasterly winds and the highest stage on 
westerly or southwesterly winds. Messrs. Leflingwell 
and Steffinsson have informed me that effects similar 
to these are common all along the northern coast of 
Alaska. 

The natural inference from this is that the unknown 
coast line in question is not very remote from the 
northern coast line of Alaska, and that the unknown 
land approaches the known Arctic Archipelago in one 
or more points, thus making a fairly complete land 
boundary to the north of Beaufort Sea. 

» Harris. R. A., Undiscovered land in tbe Arctic Ocean : 
Am. Mas. Nat. Hist. Jour., vol. 13, No. 2, pp. 59-60, 1013. 
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To these arguments of Harris the writer 
adds another from the behavior of the ice 
pack under different winds. The only strong 
winds along the north shore of Alaska blow 
from between east and northeast and from be- 
tween west and southwest. The easterly winds 
blow diagonally on the land and the westerly 
winds blow diagonally off the land. In summer, 
during a strong wind from the east, the 
ice pack drifts rapidly westward along the 
coast and the pack as a whole retreats from 
shore, although there is a component of the 
wind which tends to force it against the shore. 
At the same time the scattered cakes are driven 
against the beach, leaving an open lane of water 
outside. When the wind blows from the west 
the loose cakes are cleaned off from the 
beach, but the main pack gradually approaches 
the shore against a component of the wind. 
If it blows continually from the east the season 
is open, but if it blows from the west the 
season is icy. 

This behavior of the ice is a parallel to that 
of the sea level and can only be explained on 
the theory that the sea is landlocked on all 
sides except the west. An east wind carries 
away the ice and a west wind jams the closed 
sea so full of ice that it is forced toward the 
Alaskan shore, even though the wind is blow- 
ing somewhat off the land. 

The argimient from Eskimo traditions of 
northern lands would not be taken seriously by 
anyone acquainted with the many fantastic 
tales told them by their medicine men. For- 
merlv there was scarcely a shaman who was not 
credited with powers of flight. Even trips to 
the moon were not thought extraordinary. 

The actual reports of land by whalers and 
Eskimos have been thought by some to be 
reliable. Keenan Land, in the vicinity of 
which Mikkelsen and the writer failed to reach 
bottom at more than 300 fathoms, is still seen 
on some maps. 

It is the opinion of the writer that this un- 
discovered land, of which the evidence is so 
strong, should be named after the man to whose 
labors our most reliable information is due. 
Not only was a small expedition organized 
under Mikkelsen and the writer to search for 
it but recently the Canadian Government sent 
a well-equipped party under Stefdnsson and 
Anderson for the same purpose. Other expe- 



ditions will undoubtedly be sent to clear up 
this last area in the Arctic within which dis- 
coveries of magnitude may be expected. It is 
to be hoped that the discoverer will give this 
land the name " Harris Land." 

CLIMATE. 

In addition to the systematic observations of 
the weather made in 1906-7 by the officers of 
the Duchess of Bedford^ the writer kept a daily 
journal for the six years in which, during the 
periods spent at headquarters, he entered the 
minimum and maximum temperatures. In the 
field minimum temperatures were recorded 
until the registering thermometers were 
broken; after that only the temperatures of 
the daytime were noted. Though these ob- 
servations have not yet been worked up, it is 
possible to present some general remarks upon 
the climate which mav be of interest. 

There are probably more clear nights for 
astronomical observations during January than 
chiring any other month. The sun comes back 
about the 20th. In February there was usually 
a warm wave, with storms. The maximum 
temperature observed was 43.5° F., accom- 
panied by a shower. The light is then strong 
enough for several hours of work with a theod- 
olite. March is perhaps the most disagree- 
able month in the year. Low temperatures 
and frequent high winds may be expected. 
About the 1st of April it is necessary to wear 
colored goggles to prevent snow blindness. 
The first half of this month is usually cold, but 
during the later half a sudden change comes 
to the milder temperature of spring. It seems 
that more snow falls in April and May than 
at any other time. 

During May the first birds come back — snow 
buntings, sea gulls, geese, and ducks. It is 
light enough to travel at' night by the 1st of 
the month. About May 20 Canning River 
breaks out and probably the other large rivers 
also. They flood a large area of the sea ice 
at their mouths, but this water soon finds an 
escape through cracks into the ocean, so that 
the ice is drained again. The snow softens 
during the day and hardens at night, so that 
traveling is best after midnight. The moun- 
tains are now nearly free from snow, and by 
the last of t'he month it is no longer passible 
to sled along the valley bottoms. 
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In June pools of water form between the 
snowdrifts on the sea ice, and the snow gradu- 
ally melts on the coastal plain. The weather 
is clear and warm, altogether the most pleas- 
ant of the year. Travel along the coast is now 

by a boat upon a sled. The rivers have eaten 
away large areas of the sea ice, and water has 
formed in the shoal places, so that the boat 
may often be used to advantage. In July the 
fine weather continues, th^ pools of water on 
the ice become deeper and connected together, 
so that it is possible to paddle a light canoe 
for some distance before hauling over a neck 
of ice to the next^pool. Many holes are now 
melted completely through the ice, and tidal 
cracks are widened, so that it is diificult to 
find a crossing. There is a clear course over 
the shoaler waters, except where large snow- 
drifts under the lee of high banks have pro- 
tected the sea ice. 

As a rule the ice in the lagoon west of 
Flaxman Island breaks up and drives- west- 
ward in front of an east gale before tlie middle 
of July, but it may not move from the outside 
of the barrier islands until much later. About 
the time that the break-up occurs, the weather 
changes from the genial climate of the pre- 
ceding month to raw, windy, cloudy, and 
foggy. Drizzling rains are common, but 
heavy rains seldom occur. The stars become 
once more visible during the later part of 
August. 

During the first three weeks of September 
the shoal waters are usually navigable, but 
new ice may form any time after that. As a 
rule there is ample warning of the close of 
navigation. The pools on tlie land become 
frozen over, and the shoal ocean waters may 
be several times crusted over, before the ice 
becomes permanent. The ground is covered 
with snow by the last of September. While 
the sea ice is becoming solid enough to support 
the weight of a man, there is a period of about 
a week when travel is at a standstill, as the ice 
is too thick for progress by boat and not yet 
safe for a sled. The Duchess of Bedford^ 
though only a hundred yards from the beach, 
was thus cut off from the land for several 
days. The slush from drifting snow was over 
a foot thick yet a pole could be thrust 
through it. 



By the middle of October coastal travel is 
once more feasible. Kaw gales continue, with 
temperatures as low as —5° F. November and 
December are both stormy months, so that 
very few astronomical observations can be 
made. The sun sets for the winter about No- 
vember 20, but there are six hours of twilight 
all winter,, sufficient for traveling. At noon 
of the winter solstice one can read by holding 
a book close before a large window. 

The average temperatures can only be esti- 
mated. During June, July, and August the 
thermometer at the coast is usually about 40° 
F., with ordinary extremes of 50° anS 30° F, 
The highest recorded temperature on the coast 
was 70° F. and the highest in the mountains 
72° F. There is a noticeable change from the 
raw coastal weather at a distance of half a 
dozen miles inland in the smnmer. 

The coldest months are January, February, 
and March, when —20° F. is the ordinary 
coastal temperature. The temperature is be- 
low —40° F. on perhaps not more than a dozen 
days each winter. There were only two short 
periods during the six years when the mini- 
mum temperature was below —50° F. There 
were three such days in M^rch, 1910, when the 
minimum was —54° F., and three days in Feb- 
ruary, 1907, when temperatures were the low- 
est observed during the six years. The mini- 
mum shown by three uncalibrated thermome- 
ters is as follows: 

Minimum temperatures in February, 1907, at Flaxman 

Island, northern Alaska, 

op 

N. & Z., 98893 —57.1 

Green, 5327 —^1.0 

Green, 53:^0 —60.1 



Mean. 



—59.4 



The chief winds are from the east-northeast 
and from the west-southwest. They may vary 
somewhat, but probably nine-tenths of the 
movement is from these directions. East winds 
prevail as a rule during the summer and west 
winds during the winter. Sometimes there is 
no change in direction for a month or more ; at 
other times there are almost daily alterations. 
The strongest gales come from the west. Many 
times the west winds have been estimated at 
60 miles an hour, and a few times at 70 miles. 
The heaviest blow the writer encountered was 
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ostimate<l at 70 inilos, but it had u recorded ve- 
locity of 84 miles at Collinson Point, where the 
Canadian Expedition had erected an anemom- 
eter. 

The gales from the ea.st have never been 
estimated higher than 50 miles an hour, and 
this for only short periods. Continuous winds 
from the east, having a velocity of about 30 
miles, have several times lasted more than a 
week. 

The windiest months are November, Decetfi- 
ber, and March. At Collinson Point the rec- 
ords of the Canadian Arctic expedition for 
1913 showed for November a total movement of 
10JS70 miles and a mean velocity of 15 miles 
an hour. The maximum velocity was 56 miles. 
It blew from the east during 18 days and from 
the west 12 days. In December the average 
velocity was 14 miles an hour, and the maxi- 
mum was 44 miles. There were 19 days of east 
winds and 12 days of west winds. March is 
perhaps not quite so windy but is more dis- 
agreeable on account of the lower temperature. 

Of the summer months, June is the only one 
in which high winds are not of frequent occur- 
rence. As soon as the ice breaks up the gales 
commence again, but they are not so strong nor 
Ko continuous as in winter. 

A comparison of observations at Flaxman 
Island and those taken at different distances 
out over the sea ice shows that the winds de- 
crease in velocity toward tlie north until at 100 
miles from land they have hardly half the 
force. The same is true toward the west. 
Where the mountains become invisible from 
the coast, 50 or 60 miles west of Flaxman 
Island, the winds are not so strong. Eastward, 
as far as Hersehel Island at least, there seems 
to be no change. 

Within the mountains, in the north and south 
valleys, the writer found that calm weather 
prevailed, except during the warm winds, 
which occasionally come from the south. 

No attempt was made to measure the precipi- 
tation, and it is extremely doubtful if this 
could be done accurnfcly. During high winds 
the air is full of driving snow for several hun- 
dred feet vertically, yet an open-topped recep- 
tacle placed on the ground would probably re- 
main empty on account of the peculiar air cur- 
rents set up. 

Although there is much rainy weather in 
summer, the total amount of precipitation is 



probably not over 2 or 3 inches. The snowfall 
is perhaps between 8 and 4 feet, to judge from 
the depth accumulated among the willows in 
the mountains, where drifting could not occur. 

VEOETATIOH. 

The coastal plain and the upland are covered 
with the ordinary forms of tundra vegetation. 
There are no trees or even bushes. Stunted 
willows occur in the valleys of the upland, in- 
creasing in height toward the mountains. 
Within the mountains the older gravel bars of 
most of the rivers are overgrown with willows, 
which rarely exceed 12 or 15 feet in height. 
On the Canning a few patches of cottonwood 
trees were observed. The conditions on the 
Canning are shown in Plate XIV, B (p. 63). 
The cottonwoods appear lofty, but they actu- 
ally measure about 25 feet in height. No ever- 
green trees were observed north of the divide 
on any of the rivers traversed by the writer, 
but they have been reported near the 141st 
meridian. 

The writer is unable to make any personal 
statements as to horse feed. He is informed 
by A. G. Maddren, of the United States Geo- 
logical Survey, who was geologist <hi tho 
Boundary Survey, that it is possible far a 
party with half a dozen hardy range horses to 
traverse the Arctic slope in summer without 
bringing in horse feed with them. Sufficient 
grass is found on the river bars to keep up the 
horses' strength if they are not overworked, 

AmHAL UFE. 

Several zoologists have worked in the region 
discussed in this report. Dr. R. M. Anderson 
has already published a list of the animal life 
in the appendix to Stef&nsson's narrative.' 
Several collectors for the Harvard Museum 
wintered on the coast in 1913-14, It may be of 
interest to insert a few notes in this report 
upon those forms of life which are of economic 
importance, 

OAME ANIMALS. 

The barren-ground caribou is easily the most 
important animal of the region, both for food 
and clothing. Formerly they could be seen in 
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numerous large herds scattered over the tundra, 
but within a very few years they have become 
much reduced in number. The international 
boundary surveyors report that caribou, were 
abundant on the Arctic slope along the 141st 
meridian in 1911 and 1912. In the spring of 
1907 so many haunches were offered to the 
writer's, party that they were finally refused, 
after a large store had been laid up in the ice 
house. In 1911-12 and 1913^14 not over half a 
dozen haunches were procured. 

The native hunters have long been furnished 
guns and ammunition in abundance by the 
whale ships wintering at Herschel Island. Of 
course, the natives hold out an ample supply of 
ammunition for trading. The same is true of 
the Point Barrow natives, so that every native 
in the country has a modern repeating rifle and 
one or two thousand cartridges every year. As 
they have no better knowledge of conservation 
than white men, they soon drove the caribou 
out of the country. 

At present caribou are reported to be fairly 
abundant on the Yukon side of the divide. 
The few bands that come over to the Arctic 
side are soon roimded up and killed or driven 
back again through the mountains. 

Most of the deerskins necessary for clothing 
are now brought in by trading ships. These 
skins are procured from the reindeer herds of 
Siberia. 

Domesticated reindeer have for many years 
thrived in Arctic Alaska, but their number 
has not grown with the demands of the coun- 
try. There is ample grazing ground for mil- 
lions of reindeer and yet there is a shortage 
of fresh meat and deerskins. If the w^hite 
men imported animals, this need could be met 
without in the least interfering with the native 
herds. 

As the caribou decreased in numbers, the 
natives began to hunt the mountain sheep more 
energetically. Dall's sheep formerly were 
abundant evervwhere in the mountains, but 
they have already been cleaned out from the 
lower parts of the larger rivers. The writer 
saw none below the forks of the Canning and 
none below Lakes Schrader and Peters on the 
Sadlerochit. There are still a few on the 
headwaters of these rivers as well as on the 



Hulahula, but the natives can no longer depend 
upon them for a food supply. 

Until recently Jago and Okpilak rivers were 
taboo, and the sheep were undisturbed. The 
writer's party was the first to go far within 
the mountains on the Okpilak. Sheep were 
constantly seen, as many as 40 or 50 in a day. 
The high Romanzof Mountains will always be 
a refuge, so that the sheep will not be entirely 
exterminated. 

Polar bears are not abundant. The writer 
saw none near the land and only two at a dis- 
tance of more than 25 miles at sea. . The natives 
in the vicinity shot perhaps a dozen each year, 
mostly females that were giving birth to young 
in snow caves under high banks on the land. 

There is a law that protects polar bears 
within Alaskan territory, but as most of them 
are killed at a distance of more than 3 miles at 
sea the law has little effect. Locally they are 
regarded much as wolves are in a cattle coun- 
try, and the sentiment is rather toward offering 
a bounty for each one killed. They are occasion- 
ally dangerous to man, especially those which 
are forced to come to the' land by hunger. 

There are two or three varieties of inland 
bear in the mountains, the largest of which is 
of the grizzly type. The smaller ones are 
probably not yet described. They are fierce 
and will usually attack man. 

The bowhead whales migrate northward 
past Point Barrow in May and June each year 
and are not seen again until they arrive in the 
Mackenzie Sea. In the fall they return along 
the north shore of Alaska and thence go over 
toward Wrangell Island. They have been 
hunted by the natives for centuries, but the 
white men did not follow them east of Point 
Barrow until about 1850. Undoubtedly they 
are becoming reduced* in numbers, but the 
smaller catches of recent veare are due rather 
to increasing; wariness than to a noticeable 
falling off in the supply. The whalemen at 
Point Barrow say they go past there by thou- 
sands, yet the writer counted only 34 whales 
during a month of observations in May, 1910. 

White whales migrate along the north shore 
but were observed only once from Flaxman Is- 
land. Their summer grounds are father east. 
Walrus hardly ever go east of Point Barrow. 
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The writer found one dead and saw two alive 
less than 50 miles west of Flaxinan Island. 
During the six years no others were seen by 
natives. Some natives had never seen any 
during a lifetime on the coast. 

The bearded s(»al is not abundant near Flax- 
man Island. Most of the skins for canoe cov- 
ers and boot soles come from Point Barrow. 

The small Point Barrow seal is abundant 
and does not seem to be decreasing. They are 
hunted chiefly in the spring, when they are 
asleep on the ice. The writer has calculated | 
that as a result of poor marksmanship the na- 
tives wound ten seals for each one they secure. 
In the winter the seal are shot in lanes of open 
water in the ocean ice. When there is no oi>en 
water the natives are unable to get them, for 
they seem to have lost the art of spearing^ them 
at their breathing holes. Netting is an effi- 
cient method of catching them, and at favor- 
able localities many may be secured in this 
way. It is easy to lay up enough seal meat 
and blubber for a year's consumption, so an 
Eskimo has no excuse for starving. 

The spermophile, commonly called ground 
squirrel, is abundant along the bars of most of 
the rivers. They are easily secured by traps 
or snares and can be counted on for dog food 
in the summer. Some of them have an ex- 
tremely disagreeable taste, but as a rule the 
natives can be relied on to cull out the bad 
ones. The others are fairly good to eat. Foxes 
are eaten by some of the natives and bv curi- 
ous white men and found good. The writer 
has never investigated this matter, nor has he 
tried snowy owls, which are said also to be 
edible. 

Of the game animals, the caribou, in the 
writer's opinion, is the best for food. Moun- 
tain sheep are tough and lean, except in the 
fall, at which season the writer has never se- 
cured any. 

Seal and polar bear are not appetizing when 
one has recently eaten caribou, but after a 
period without meat of any other kind for 
comparison they form a welcome addition to 
the table. Among the white men there is a 
strange prejudice against both seal and bear 
meat. Some whale-ship captains will not allow 
them to be served aboard their ships, even 
when there is no other fresh meat. ' 



GA>rE BIRDS. 

Eider ducks are very abundant in summer, 
and form an important part of the food sup- 
ply. The King eider is probably the most 
abundant and next is the Pacific eider. Steller's 
eider and the spectacled eider are much less 
common. These ducks migrate northward past 
Point Barrow in May, following the lanes of 
water. Thence they turn east and follow the 
lanes of water that generally occur 10 to 20 
miles from the coast. They do not come to 
the land until June, when the ponds have be- 
gun to melt. 

While on the ice 4 or 5 miles from Point 
Barrow in May, 1910, the writer witnessed the 
spring migrations. There was a heavy flight 
for about two weeks, during which time one 
or more large flocks were genei'ally in sight. 
A rough estimate was made of the number 
which passed in half an hour. Individual 
flocks were estimated by tens and hundreds, 
and a total of about 1,000 was obtained for the 
half hour. At this rate a daily migration of 
50,000 is indicated and for the two weeks of 
migration 700,000. At the same time other 
flocks were following the land and were con- 
sequently out of the range of vision. The 
numerous reports of the guns of the natives 
who were killing ducks indicated that the total 
must have reached a million. 

These eider ducks start on their southward 
migration in July and continue until late in 
September. The males leave before the eggs 
are hatched. Then come the females and 
finally the young. To the east their path covers 
a wide belt along the coast, but as they ap- 
proach Point Barrow they follow the main- 
land and pass over the base of the spit. Here 
thousands have been killed each year since fire- 
arms were introduced into the country. Dur- 
ing heavy flights 400 or 500 ducks are not un- 
usual for a single gun in one day, unless there 
are too many hunters. 

Black brant are numerous enough to be an 
important element in the food supply. The 
best place for them as well as for the white- 
fronted goose is between Smith and Harrison 
bays. At Flaxman Island, during the summer 
of 1907, about 400 eider ducks and brant were 
stored in the icehouse for winter consumption. 
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in addition to all that a crew of eight men were 
willing to eat. 

White-fronted geese migrate in numbers 
past Flaxman Island on their way from the 
east toward their breeding grounds near Har- 
rison Bay. A very few were secured. Hutch- 
ins's geese were sometimes brought into camp. 

Oldsquaw ducks are exceedingly nimieroiis 
everywhere along the coast, probably exceed- 
ing the eider ducks several times in abundance. 
Their migrations are not conspicuous. They 
gradually increase in abundance in spring, and 
in the fall they gather into large flocks, which 
fly from place to place over the ocean in search 
of food. Shortly afterward they disappear. 

In the fall a very few young pintail ducks 
come down to the coast from the interior. 

Ptarmigan seem to fluctuate in numbers from 
year to year. In 1907, on Okpilak River, not 
more than a couple of dozen were obtained 
with a shotgun. In 1908 perhaps 50 were shot 
on the Canning. During May and June of 
1912 on Marsh Creek and Sadlerochit River 
25 were obtained with a small rifle in a single 
day's march. About 250 were secured in all, 
before the ammunition gave out. In 1914 the 
Canadian expedition at Collinson Point con- 
sumed about 20 birds daily for two or three 
months. Most of these ptarmigan were se- 
cured within 15 miles of their camp. 

The ptarmigan retreat to the willows in the 
mountains in the winter, at which time they 
are hard to approach. As sooiv as the first 
bare spots appear on the land in spring, 
usually in April, they come in flocks to the 
coast and are especially numerous among the 
silt dunes of the river deltas. They are now 
much tamer and are reluctant to fly, so that 
a flock can be rounded up and driven into 
a net or be followed for hours with a 
gun. By the last of May they have paired 
off and scattered everywhere over the tun- 
dra. This is the period when the greatest 
execution is done among them, for it is possible 
to approach a pair within 30 or 40 feet and 
^oot first the female and then the male. 
Their loud calls draw the hunter's attention 
to them when they might otherwise escape de- 
struction. 

After they begin nesting only a few males 
may be seen, and after the males also have at- 
ie844*— 18 5 



tained their summer plumage it is rare to see 
a ptarmigan until they turn white again in the 
fall. During October they may still be found 
along the coast, but after that they disappear 
for the winter. 

Of the various game birds the ptarmigan, 
in the writer's opinion, is the best for food. 
Eider ducks and brant are good, but after eat- 
ing them almost daily for several months they 
no longer appeal to the taste. Oldsquaw ducks 
are not considered fit for food by the white 
men of the country, but the writer finds them 
the equal of eider ducks, although one or two 
individual birds were unpalatable. Pintail 
ducks are delicious in comparison with either 
eider or oldsquaw ducks. 

Duck eggs are sometimes procured in such 
quantities as to deserve mention. A few nests 
of king eider and oldsquaw may be foimd by 
chance almost anywhere, but the Pacific eider 
build their nests only on the islands which 
fringe the coast. Nearly every island has a 
few nests, but there are certain islands which 
have hundreds of nests. These, islands are 
frequently raided by the natives, with the re- 
sult that some of them have become abandoned 
by the birds. Duck Island, in the mouth of 
Sagavanirktok River, is an example of such 
a " rookery." Sometimes 300 or 400 eggs in 
all stages of incubation are secured by a single 
raid. 

A large black-billed loon was seen near Bar- 
ter Island. The bird was in the water close to 
the tent, and at first it was taken for the com- 
mon large yellow-billed loon. The two native 
boys quickly called attention to its black bill, 
for they had never seen such a bird before. 
They had heard of only one such bird several 
years before at the Colville. This large black- 
billed loon was, of course, the common loon of 
the northern United States. It could not be 
confused with the smaller black and red 
throated loons. 

FISII. 

During the months of July and August fish 
are abundant almost everywhere along the 
coast. With a gill net of 2^-inch mesh it is 
possible to catch more fish at the camps than 
can be eaten. Half a dozen to a dozen fish may 
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be obtained in a few hours almost anywhere, 
but at favorable localities and during "' runs " 
hundreds may be caught. The best places 
known to the writer are at Oliktok, Beechey 
Point, and Brownlow Point. On the north 
side of Brownlow Point more than 300 fish, 
averaging 1^ pounds, were secured in 18 hours 
with four nets. At Oliktok in two days about 
a thousand pounds of fish were caught for dog 
food with three nets. On the east side of 
Beechey Point, 30 fish were caught in one hour. 

The fish do not seem so abundant along the 
coast west of Harrison Bay, but they are re- 
ported to become more abundant toward the 
Mackenzie. 

The larger rivers have abundant fish during 
the whole year, but the best time for securing 
them is just before the rivers freeze over in the 
fall. The water is then low, so that the shoals 
may be waded in order to seine the pools. In 
this way a native caught more fish in two 
weeks on Shaviovik River, than he thought he 
could use in two years. He used a gill net, and 
so many fish became entangled in it that it was 
lifted from the bottom, and most of the fish 
escaped as he swept each pool. 

The natives who live on the rivers in the 
winter catch fish by "jigging" through holes 
in the ice. In favorable localities they can 
catch enough in this way to keep them going 
from day to day. 

Salmon trout are caught both on the coast 
and in the rivers. The largest that became 
entangled in the writer's net weighed about 8 
pounds, and the average weight was about IJ 
pounds. The so-called whitefish 'is caught only 
on the coast, but locally it is nearly as abun- 
dant as the trout. The grayling is found only 
in the rivers, where they are locally very abun- 
dant. The big catch on the Shaviovik, re- 
ferred to above, was mostly of grayling. 

The writer once caught half a dozen fish 
that he considered to be small humpback sal- 
mon, and once a large dead salmon of un- 
known species was found. 

FUR-BEARING ANIMALS. 

Now that whaling has ceased to be profit- 
able on account of the low price of whalebone, 
trapping and the fur trade are the chief in- 
dustries of the region. The white fox is by far 



the most valuable fur animal. An industrious 
trapper may secure between 50 and 100 skins 
each season. The total number of skins taken 
between Point Barrow and the 141st meridian 
each year will average perhaps 2,000. The 
number of white foxes differs greatly from 
year to year. The change is so great that it 
probably represents a migration rather than a 
natural increase or decrease. During a sin- 
gle year the number in any locality may differ 
greatly also. This change may be due to mi- 
grations along the coast or to and from the sea 
ice. 

Bed foxes are seldom taken along the coast. 
In the mountains they are somewhat common. 
Blue foxes are held by the natives to be a sport 
of the white fox. Their proportion was abouC 
one ta a hundred in the skins that cam& under 
the writer's observation. A very few silver 
foxes are caught on the coast. Ermine and 
mink are almost negligible. About a hundred 
polar-bear skins are shipped each year from 
Point Barrow. 

POPTTLATIOH. 

Whites. — ^The permanent white dwellers on 
the northern coast of America, west of the 
Mackenzie, do not nmnber more than a dozen. 
At Herschel Island there are usually two or 
three Canadian Mounted Police and some- 
times a missionary. At Point Barrow there 
has been for "many years a whaling and trading 
station. At present there are only two or 
three men employed. The Government school 
teacher and the missionary at Point Barrow 
complete the list. Between Herschel Island 
and Point Barrow there is only one permanent 
resident, although an occasional trader or pros- 
pector may enter the country and stay for a 
year or so. In the winter of 1913-14 the coast 
was unusually populous, as there were two 
whale ships and three exploring ships winter- 
ing between Humphreys Point and Collinson 
Point. 

Natives, — ^The only permanent settlements 
are at Herschel Island and Point Barrow. 
There were perhaps 50 natives at Herschel 
Island and five or six times as many at Point 
Barrow during the writer's sojourn. In 1906 
there were only t^o or three families living" 
on the coast between these two villages, but 
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lately the natives at Point Barrow have erected 
winter houses at intervals along the coast as 
far east as Harrison Bay for the purposes of 
trapping. 

Formerly the inland Eskimo were abundant 
on every large river, but with the diminution 
of game they have been gradually forced to 
come to the coast for trapping or to leave the 
country. Many have gone into the Mackenzie 
delta and others to Point Barrow. At present 
there is a single family group on the Sagava- 
nirktok, and a few others on the Colville. The 
census taker in 1910 found about 65 Eskimo 
of all ages in the area between Point Barrow 
and the 141st meridian. 

Much information about the Eskimo is given 
in Stefdnsson's book.^ There are many an- 
cient native houses along the coast, some of 
which were excavated by tlie writer. Stef ans- 
son in 1912 made a large collection from Point 
Barrow and in 1914 Jenness, of the Canadian 
expedition* was employed in examining the 
two large village sites near Barter Island. On 
the spit running east from Barter Island be- 
tween 30 and 40 old house sites were counted, 
and there are perhaps as many on Arey Island, 
6 miles to the west. Midway of the north 
shore of Leavitt Island there are a dozen or 
more old house sites. 

TBAHSPOKTATIOir AND COlOITrNICATIOH. 
FREIGHT AND SUPPLIES. 

In 1912 freight could be forwarded by ship 
from Seattle to Point Barrow for $25 a ton. 
Its arrival might be expected during the first 
half of August. Sometimes small trading ves- 
sels sailing from Nome would take up a few 
tons for about the same price. Beyond Point 
Barrow and as far as Herschel Island the 
price was about $40 a ton for freight and its 
delivery was very uncertain. 

Supplies may be brought in by way of the 
Mackenzie, but the charges are excessive. The 
Canadian Government pays about 10 cents a 
pound for freight delivered at Herschel Island 
for the mounted police. 

All ordinary supplies may be bought at the 
trading station at Point Barrowt Flour in 
large amounts is usually kept on hand. The 

* StettmwoDt VUbjIUmiir, My life among the Eskimo, New 
York, 1918. 



prices of all kinds of supplies average about 
twice those of Seattle, except for such articles 
as coal, in which the freight is the chief ele- 
ment of cost. 

SUMMER ROUTES. 

The ordinary manner of reaching the north 
coast of Alaska is by ship. There are no regu- 
lar passenger ships, but passage can sometimes 
be obtained on the United States revenue cut- 
ter or on one of the whaling or trading ships 
which make the annual summer cruise to Point 
Barrow. These ships generally touch at Nome 
early in July, and at that time personal 
arrangements may be made with the captain. 
The date of arrival at Point Barrow is about 
August 1. 

Some ships go east of this point as far as 
Herschel Island, or even across the mouth of 
the Mackenzie, and as the ice usually compels 
them to follow the shore they can easily land a 
party at any desired point. 

Herschel Island may be reached by way of 
the Mackenzie early in July. Steam vessels 
go from the vicinity of Edmonton to Fort 
McPherson, at the head of the Mackenzie 
Delta. Thence passage may be procured on 
the small boats that carry the Government 
freight to Herschel Island. 

The coast may be also reached from the 
Yukon in summer, by canoe or on foot, by way 
of most of the large rivers. Ensign W. L. 
Howard came down by way of the Colville 
and Ikpikpuk; Schrader and Peters by the 
Colville. (See p. 84.) Two prospectors are 
reported to have reached the coast on the Saga- 
vanirktok on foot and two deputy marshals 
reached Flaxman Island by Canning River. 
The Indians sometimes come down by the Hu- 
lahula, but the route by the Canning is prob- 
ably shorter. Turner River is probably a good 
route, but no white man has been known to 
traverse it in summer. The boundary survey 
party, which started from the Porcupine with 
pack trains, had little difficulty in reaching the 
coast along the 141st meridian. 

Canoes have been used by parties that come 
down the Colville and Ikpikpuk early in the 
season. Sagavanirktok, Canning, and Turner 
rivers are probably boa table almost from their 
headwaters, but navigation may be dangerous 
until the flood ice is cut away. In July, 1908, 
Canning River near the forks was still* running 
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through a narrow canyon in a field of ice more 
than 12 feet thick. Large undermined blocks 
of ice were continually breaking off and falling 
into the water. 

A boat of some kind is almost a necessity 
for traversing the coast in sunmier. Not only 
are there unfordable rivers at short intervals 
but there are numerous small bays and inlets 
around which detours must be made. On ac- 
count of the continuous daylight progress may 
be maintained without interruption, except 
from bad weather or the ice. By native canoe 
It is about a 10 days' trip from Flaxman Island 
to Point Barrow in average weather. By 
whaleboat, with the prevailing east winds, from 
three to five days are required. 

A place to camp may be found almost any- 
where except among the mud flats of the river 
deltas. There are very few other stretches of 
coast more than 2 miles in length where there 
is not a camp site with wood and water. The 
sand islands seldom have pools of fresh water, 
but sea ice may nearly always be obtained for 
drinking water. In the highest parts of all 
but the smallest and lowest sand islands water 
capable of sustaining life may be obtained by 
digging holes. It is, of course, brackish, but it 
seems objectionable only to the taste. 

In order to leave the country as early as 
possible in the summer it is best to go to Point 
Barrow by small boat as soon as water forms 
along the coast. By starting early in July, as 
is usually possible, one may nearly always 
arrive before the 1st of August and catch the 
United States revenue cutter. If ships are 
known to be to the east and if the ice is close 
to the land, passage may he obtained by wait- 
ing at some favorable spot until the ships pass 
on their return journey. This method is un- 
satisfactory on account of the fogs, when the 
ships may pass without being seen. 

The returning ships invariably touch at 
Point Barrow before turning southward, usu- 
ally about the 1st of September, and their 
captains arc glad to offer passage to anyone 
who .^esires to leave the country. It is neces- 
sary, of course, to sign the ship's articles and 
become a member of the crew. 

AVINTER ROUTES. 

Travel by dog sled is the universal method 
in winter east of Point Barrow, but rein- 



deer teams are successfully used along the 
coast west of that point The country may be 
entered by sledding to Point Barrow along 
the western coast or by any of the larger rivers 
mentioned above. The passes on the Colville 
from the Yukon basin are reported to be of 
easy grade. Two prospectors who attempted 
to sled over the Sagavanirktok divide were 
unable to find a pass, but the natives report 
that one exists. Carter Pass, on the Marsh 
Fork of the Canning, is reported to be easily 
traversed in one day. There is also a pass 
on the east fork, according to report. The 
Eskimos often go over to the Chandalar drain- 
age from Hulahula Eiver. The writer has 
been within a few miles of this divide and 
Dr. R. M. Anderson has sledded over it. 
Turner River is reported to have several passes. 
The usual winter route from Herschel Island 
is by way of the Firth. 

Winter travel by automobile would probably 
be possible along the coast and on the rivers. 
Most of the coast line is protected by islands 
or shoals, so that there are long stretches of un- 
broken ice. At the few places where the sea 
ice crushes against the mainland detours might 
be made over the tundra. The sea ice is, of 
course, covered with snow, usually in the form 
of hard drifts much cut up by the winds. 
Over such a rough road a speed of more than 

5 miles an hour would be difficult to attain. 
Newly fallen snow is scarcely ever more than 

6 inches deep and would not cause difficulties. 

MAIL. 

The United States revenue cutter brings mail 
to Point Barrow each summer. Twice each 
winter mail is brought in to the Siime place 
and sent out by dog or reindeer sled. Accord- 
ing to the writer's memory a team leaves Bar- 
row post office in November and returns by 
January. Another round trip is made between 
January and May. 

Every fall, about the first of December, mail 
is taken out from Herschel Island by the Ca- 
nadian Mounted Police. Letters are brought 
in during July, when the freight arrives from 
Fort McPherson. When several whale ships 
winter at this island, they may send a special 
team oyer the divide to Fort Yukon, the i*ound 
trip requiring about two months. 
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HISTOST OF EZPLOEATIOH. 

The writer has examined the literature of 
the exploration of the north shore of Alaska as 
completely as possible in order to trace the 
origin and fix the application of the place 
names. With very few exceptions the names 
found on existing charts between Point Bar- 
row an.d the 141st meridian have been verified. 
The original data regarding nearly all the 
details of the shore line shown on the map 
have also been ascertained. An abstract is 
given of the publications that have beien con- 
sulted, so that the important facts connected 
with each exploration may be readily found. 

In addition to the names of places on the 
coast line, the names of places inland as far as 
the Arctic- Yukon divide, frcmi Colville River 
to the 141st meridian, have also been traced. 
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ABSTRACTS OF NARRATIVES.^ 
BEEOHET, 1826. 

Capt Beechey, who entered the Arctic Ocean 
through Bering Strait in 1826, was not able 
to push his ship, the Blossom^ beyond Point 
Franklin, on the northwest coast of Alaska, so 
he decided to detach a party to make farther 
explorations in an open boat. Accordingly 
Messrs. Elson and Smyth left the Blossom in 
August and proceeded northeastward along the 
coast (p. 304). A chain of sandy islands was 
foimd, which lay some distance from the main- 
land. They were called the Sea Horse Islands. 
The name Cape Franklin was applied to the 
point where the chain bent to the southeast 
(p. 306) to join the mainland. The bay thus 
inclosed was named after Lieut. Peard, of the 
Blossom. Cape Smyth was the name given to 
the point where the land began to diminish in 
height until it terminated in a low point named 
Point Barrow (p. 307). 

On the eastern side of this point was the 
largest native village yet seen by the party. 
The point was found to jut out as a spit for 
several miles from the regular coast line. The 
spit did not exceed 1^ miles in width and in 
some places was apparently less. They did not 
land at the cape, as they were afraid of the 
natives, but from a point about a mile at sea 
they secured observations from which they de- 
duced the position of the extreme point as in 
latitude 71° 23' 31", longitude 15G° 21' 30". 

Their explorations terminated here, and they 
returned to the ship, which they reached in 
September. 

FRAKXLIK, 1826. 
[See flg. 4.] 

After wintering at Fort Franklin on Great 
Bear Lake, Franklin started to explore the 
Arctic shore of Alaska westward from the 
mouth of the Mackenzie during the last of 
June, 1826 (p. 84). Fifteen men accompanied 
him in two open boats, the Reliance and the 
Lion. The Arctic Ocean was reached by wav 
of the Mackenzie on July 7, and Herschel 
Island on the 17th (p. 99). On July 21 they 
climbed Mount Conybeare (p. 134), an out- 
standing mountain about 12 miles from the 
coast and 25 miles east of the Alaska-Canada 

^The ptgie references given in these abstracts are to the 
original reports, which are listed in the preceding bibli- 
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boundary. From this elevation they discov- 
ered the British chain of mountains (p. 135), 
which lay mostly on the Alaskan side. They 
were " high-peaked mountains, mostly covered 
with snow." The mountains at the extremities 
of this chain were named after the Right Hon. 
Mr. Robinson, Chancellor of the Exchequer, 
and after a Mr. Huskisson. 

On July 27 a wide river was reached (p. 
139), which was "the most westerly river in 
the British dominions on this coast, and near 
the line of demarcation between Great Britain 
and Russia." It was named the Clarence, after 
His Royal Highness the Lord High Admiral. 
A tin box, containing a royal silver medal and 
an account of the expedition, was deposited 
under a pile of driftwood on the most ele- 
vated point of the coast, near the mouth of the 
Clarence. 

On July 31 Point Demarcation was reached, 
"so named from being situated in longitude 
141° W., the boundary between the British and 
Russian dominions" (p. 142). That night 
they camped on the mainland behind a long 
reef, as their advance was blocked by mud 
flat's. The next day, August 1, they dragged 
their boats over the flats to the reef, only to 
find that heavy ice prevented their progress 
outside of Icy Reef. On August 3 (p. 144) 
they dragged their boats for four hours 
through the mud flats to the eastern part of a 
bay which was named after Capt. Beaufort. 
Thence they proceeded outside of the chain 
of islands that stretched across the bay to 
Point Humphreys (p. 145). Beyond this point 
they went through closely packed ice to Point 
Griffin, where they landed on a gravel reef, 
having run 28 miles. Here they passed the 
western termination of the British Mountains 
and arrived opposite the commencement of an- 
other range, named after Count Romanzof. 

From Point' Griffin thev rowed outside of a 
chain of islands to Point Martin (p. 146), be- 
yond which they were tempted by the appear- 
ance of a bay to steer within the reefs, but 
the water was too shallow. After passing 
Point Manning, they met a large Eskimo en- 
campment on a low island. They landed 5 
miles farther on, at' the western part of Barter 
Island, in latitude 70° 05'' and longitude 143** 
55' (p. 147). Thence they started to cross a 
bay, which they named after Marquess Cam- 
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deni Ten miles farther on they observed some 
tents planted on a reef (p. 148). Beyond this 
reef, at about 2 miles from land, tiie boats 
touched ground several times, and they con- 
cluded that they were steering into a bay, al- 
though its outline could not be seen. Soon 
afterward, when the wind freshened, they dis- 
covered an island, upon which they camped. 
The island was a deposit of earthy mud cov- 
ered with verdure and about 20 feet high. A 
chain of low reefs extended from its northern 
point* for several miles westward. An adjoin- 
ing island seemed to be a collection of boulders, 
whence its name of Boulder Island. 

On August 5 (p. 149) they proceeded upon 
the outside of the reef, frequently touching 
the bottom at 2 miles from the land, especially 
when opposite to a large river named in honor 
of Mr. Canning. Three miles farther their 
progress was stopped by ice that was closely 
packed against a reef (p. 150) in latitude 70° 
or and longitude 145° 27'. The Rocky Moun- 
tains were observed to terminate abreast of 
this place or else tQ recede so far to the south 
as to be invisible from the coast. The western 
mountain was named after Dr. Copleston, 
provost of Oriel College. After two hours of 
forcing the boats through the ice they reached 
Point Brownlow, at the beginning of a bay 
that opened to view, trending to the south. 
The bay was in every part flat and strewn with 
stones. Two miles farther to the west they 
saw an island, which they reached after some 
trouble with the ice between the central reef 
and the island, where the pieces of ice were 
much tossed by the tide (p. 151). They tried 
to go inside of the island close to the south 
shore, but after repeatedly grounding they 
gave it up. They camped on the north side 
of the island about 30 feet above the water, in 
latitude 70° 11' and longitude 145° 50'. The 
island received the name of Flaxman, after 
the eminent sculptor. It was " about 4 miles 
long and 2 broad and rises at its highest eleva- 
tion about 50 feet." 

After being held at this island for a day or 
so a high tide allowed them to get inside of 
the island, where the water deepened gradually 
to »S fathoms (p. 152). They continued in 
smooth water until they reached Point Thom- 
son, when having lost the shelter of the ice, 
which was aground on a tongue of land pro- 
jecting from Flaxman Island, they became ex- 



posed to a swell. Their course continued past 
Point Bullen to an island that lay 3 miles 
from the shore, which proved to be connected 
with the mainland by a reef. One of the boats, 
the Z^ioTiy was nearly swamped by running 
aground on this reef, so they pulled to the 
windward of the island where they set sail 
and stood along the shore looking for shelter 
(p. 153). At length they effected a landing 
on a point in latitude 70° 16' 27", longitude 
147° 38', but had to carry part of the cargo 
200 yards through the water. They ascertained 
that they were on an island that was separated 
from the mainland by a^ channel f ordable at 
low water. They were detained eight days at 
the place by fogs, and gave it the name of 
Foggy Island (p. 155). 

During the temporary lifting of the fog a 
point was seen to bear northwest by west about 
3^ miles distant, but while attempting to reach 
it the fog shut down. As they were surrounded 
by shoals, they returned to Foggy Island. 
They made a second attempt later and arrived 
abreast of the point in clear weather, but found 
a reef over which the waves washed stretching 
to the northwest beyond the extent of their 
view. Fog again shut down and they were 
prevented by shoals from reaching any landing 
place excepting Foggy Island (p. 156). A 
stream of fresh water was passed, but fog pre- 
vented them from seeing the mouth of the 
river. 

When they finally left their camp on Au- 
gust 16, they steered westward parallel to the 
coast, with a fair wind (p. 158). The depth 
of water was never more than 3 to 6 feet for the 
first 7 miles, until they passed around the reef 
which projected from the point they had so 
often attempted to reach, and which was 
named Point Anxiety. Land was occasionally 
seen between Point Anxiety and Point Chan- 
dos, which was 8 miles farther to the west. 
After rounding Point Chandos they lost sight 
of land and steered westward across the mouth 
of Yarborough Inlet, the sounding ranging 
from 5 feet to 2 fathoms (p. 151). The fresh- 
ening wind created such a swell upon the flats 
that it became necessary to haul farther from 
the land. An attempt was made to land at 
Heald Point and another at the western point 
of Prudhoe Bay, but both were frustrated by 
the shoalness of the water and the height of the 
surf. Standing out to sea in the fog, they fell 
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among some gravelly reefs, and arriving at the 
same time suddenly in smooth water they ef- 
fected a landing on one of the reefs. This reef 
they found to be a patch of ground about 500 
yards in circumference, with only enough wood 
for one fire. They were surrounded by gravel 
banks nearly on a level with the water but pro- 
tected to seaward by grounded ice. The posi- 
tion was latitude 70° 26', longitude 148° 52', 
and the magnetic variation 41° 20' E. (p. 166). 
They could trace the land around Gwydyr Bay 
to its outer point, bearing S. 79° W. which was 
10 miles distant and which they named after 
Lieut. Back. A huipmock bearing S. 84° W. 
about 15 miles distant, was named after Capt 
Beechey. 

Franklin'8 positions on the Arctic coast of North 

Americn, 
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As Franklin believed that there was great 
risk of being caught by winter before reaching 
Bering Strait, he decided to retrace his path 
to the Mackenzie from this farthermost point. 
The ice was more broken up and the sea around 
the camp was clear, but every wind toward the 
land brought the ice against the shoals (p. 
161). They quitted Return Reef on August 18 
and proceeded eastward (p. 166). That after- 
noon they reached Foggy Island, where they 
erected a square pile of driftwood under which 
was deposited a tin case containing records, a 
silver medal, and a halfpenny. On August 21 
they camped in sight of Flaxman Island (p. 
168), after having seen a whale. On the 22d 
they passed inside of Flaxman Island, finding 
the water 'much deeper than before, and 
camped at Barter Island. On the 23d they 
landed at Point Manning for water (p. 169), 
and camped at Point Griffin. On the 24th they 



camped at Demarcation Point (p. 170). Her- 
schel Island was reached on August 26 (p. 
171), the mouth of the Mackenzie on the 30th, 
and finally their former winter quarters at 
Fort Franklin, on Great Bear Lake, on Sep- 
tember 21. 

DEA8E AVD 8ZMPS0V, 1887. 

I See flg. 5, p. 74.1 

In the year 1836 an expedition was fitted 
out by the Hudson's Bay Co. for the pur- 
pose of exploring the northern coast of 
America with especial emphasis toward com- 
pleting the gap between the explorations made 
by Beechey and by Franklin. The expedition 
was placed in charge of Messrs. P. W. Dease 
and Thomas Simpson, officers of the company, 
with instructions to proceed from Fort Chip- 
pewyan on Athabasca Lake. 

On June 1, 1837, the party of 14 men started 
down Mackenzie River in two open boats, 24 
feet long (p. 82). They reached the Arctic 
Ocean on July 9 (p. 107), and Herschel Island 
on July 14 (p. 115). On the 15th they break- 
fasted at Demarcation Point (p. 116), where 
the latitude observed was 69^ 40' 31". That 
night they supped at Point Humphreys (p. 
117). The next morning they camped near 
Point Griffin; they got off again at noon and 
landed on a reef near Point Manning for sup- 
per (p. 118). They carried the boats across 
the reef to the open water inside, but steered 
outside of Barter Island and sailed on until 
3 o'clock in the inorning of the 17th, when 
they were forced by the heavy ice to land. On 
the 18th they made only a league, and camped 
at the foot of a green hill, near a stream. 
About midnight of the 19th they started' again 
and reached Flaxman Island about 5 o'clock in 
the morning of the 20th (p. 129) . They passed 
inside of the island and along the mainland 
and landed for breakfast at Point Bullen. The 
ice then became heavier and they were obliged 
to keep within Lion and Reliance reefs. In 
Foggy Island Bay they were entirely arrested. 
Here during clear weather they found that 
the Roclcy Mountains did not terminate with 
the Romanzof Chain, but another chain, less 
lofty perhaps, was seen to extend westward. 
To these mountains they gave the name of the 
Franklin Range (p. 125). An incredible num- 
ber of seals was seen on the shores of the bay. 
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At 7 in the morning of July 22 they stood 
out for Point Anxiety, but were forced to land 
about 3 miles to the west of their former camp 
<p. 126). The position was 70° 09' 48" and 
the longitude, deduced from Foggy Island, was 
147° 30'. Here they had a distinct view of the 
Franklin Mountains, the central and highest 
peak bearing south by east (true), about 20 
miles distant. On the 23d they once more set 
sail for Point Anxiety, but were forced by 
the ice to go far from land, until at Yarbor- 
ough Inlet the coast was 6 miles distant (p. 
127). Eetum Reef was reached that night. 

On July 24 they coasted along Gwydyr Bay, 
which was less extensive than drawn by Frank- 



miles to the west. The coast trends westward 
for 12 miles from Point Beechey to Point 
Berens, which proved to be the commencement 
of a very extensive bay, the land turning from 
thence to the southwest. About 8 miles beyond 
Point Berens the water shoaled from 7 or 8 
feet to less than 2 feet, and they were forced to 
stand out to sea (p. 129). A large river falls 
into the bottom of the bay, which was named 
after Andrew Colville, esq., of the Hudson's 
Bay Co. (p. 130). 

They had great difTiculty with the shoals off 
the Colville delta and were many hours lost in 
the fog, until they finally made land at Point 
Comfort (p. 131) about midnight of July 24, 
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lin (p. 128). The nnmes Point Back and Point 
Beechey were applied to the projections agree- 
ing nearest with the hummocks of land seen 
by Franklin. The bearings were found to be 
different, and Point Beechey, distant 12 miles 
from Return Reef, was invisible from thence 
in any state of the atmosphere. The whole bay 
was protected from the sea by a chain of 
gi-avel Hipfs. The sotmdings here varied from 
a quarter to 1 fathom (p. 129). Opposite 
Point Beechey. and at the distance of 1 mile 
seaward, the gravel reefs were succeeded by a 
range of low islands 8 miles long, which were 
named after Rev. David T. Jones. From Point 
Milne- they enjoyed a transient prospect of an- 
other magnificent mountain range, about 50 
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having fasted for 24 hours. Here observations 
showed latitude 70° 43' and longitude 152" 
14' (p. 131). Some of the men had another 
view of the Pelly Mountains, now distant about 
20 miles to the souUieast (p. 132). About a 
mile to the north they discovered ft "splendid 
river," flowing from the southwest, and named 
it after Nicholas Garry, Esq. (p. 132). On the 
26th they proceeded across some shoals and 
passed the mouth of the Garry, which they 
found to be a mile wide. Its banks were 
thickly covered with drift timber, evidently 
brought down by the stream (p. 133). From 
thence the land trended northeast' for about 8 
miles to a small island separated fnnn the 
mainland by a channel too shallow for boats. ' 
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Latitude 70^ 47' 45'' and longitude 151° 55' 
30" were observed. This remarkable point 
was named Gape Halkett, after one of the 
directors of the Hudson's Bay Co. It ter- 
minates the great bay that extends 50 miles 
to Point Berens. The name Harrison Bay was 
given in. honor of the deputy governor of the 

Hudson's Bay Co. 

For 15 miles west of Cape Halkett nothing 

save low frozen mud banks were seen, but 
after rounding a point, named Point Ellice 
after Rev. Edward Ellice (p. 134), a consid- 
erable river was observed to enter the ocean. 
This was named Smith River, after Mr. Wil- 
liam Smith. Here the mud banks were suc- 
-ceeded by a chain of ground reefs which lined 
the coast for 10 miles. On these reefs large 
mounds of mud and shingle had been raised 
by the pressure of the ice. The channels with- 
in the reefs were not navigable. Point Pitt, 
the northernmost point passed during thQ day, 
is situated in latitude 70° 53' and longitude 
152** 54'-. A few miles on either side of it they 
observed a stream of discolored fresh water 
rushing through the reefs, probably from a 
large lake, but the atmosphere was too hazy for 
ascertaining the fact. At the last of these 
streams the mud banks recommenced, and some 
distance beyond they were forced to land and 
camp upon a 20- foot bank. On July 27 they 
discovered a deer pound, formed by double rows 
of turf, which led from the beach toward a 
lake of some magnitude (p. 136). The point 
upon which they were camped was named 
Point McLeod, and one of equal elevation 4 
miles farther west, Point McPherson. 

About noon of Julv 27 thev were able to 
get off again, and after 7 miles rounded a 
point named after Richard Drew (p. 137), 
where the land turned suddenly at a right 
angle to the south. Here they entered a large 
and very shallow bay, which was named after 
Chief Factor Smith. Countless herds of deer 
were observed upon the flat shores of this bay. 
After much difficulty with shoals and ice and 
fog they reached a sharp projecting point, upon 
which they encamped (p. 138). This point, 
situated in latitude 70** 59' and longitude 154° 
21', was named after George Simpson, gov- 
pernor of the Hudson's Bay Co. On the 
28th they made only 2 or 3 miles and camped 
in latitude 7V 01', longitude 154° 22' 53". 



(p. 140). On July 31 they made 2 miles more 
(p. 141). From this place they decided to 
send a party on foot to explore the coast as 
far as Point Barrow. 

Simpson, accompanied by five men, quitted 
Boat Extreme on August 1 at 8 a. m., while 
Dease and the other men remained to guard 
the boats (p. 143). The men of Simpson's 
party each carried a load of about 50 pounds, 
and one of them had a canvas canoe. Thev 
followed the coast line and were constantly 
wet to the waist from fording innumerable 
salt creeks (p. 144). A deep, strong river and 
a shallow inlet half a mile wide were crossed 
bv means of the canoe. The river was named 
the Sinclair, after one of the men, who found 
that it issued from a large body of brackish 
water about 5 miles from the point where they 
crossed it near the coast. The inlet was named 
after McKay, another of the men. After ac- 
complishing 20 miles by 7 p. m., they passed a 
miserable night on the wet tundra, where they 
found a few pieces of driftwood (p. 145). On 
August 2 they resumed their march up the west 
side of McKay Inlet and soon reached a place 
whence the land turned sharply off to the 
south-southwest, forming an acute angle, well 
termed Point Tangent. A chain of ground 
reefs, which was separated here from the 
muddy beach, extended in a direct line 11 miles 
eastward to Boat Extreme, inclosing the irreg- 
ular-shaped bay of which they had made the 
tedious circuit (p. 146). This bay was conse- 
quently called Fatigue Bay. 

About 10 miles from Point Tangent, where 
the coast turned off to the east of south, a 
wide inlet lay before them. The first and 
only rock seen in the whole extent of the coast, 
an angular mass of dark-colored granite, lay 
off the point they had reached (p. i49). 
Luckilv thev were able to borrow an Eskimo 
umiak from some natives whom they found at 
the point. After steering west for 5 miles they 
reached the opposite shore of the inlet, which 
was named after Dease. On August 3 they 
breakfasted on a point of land on a sand reef 
in latitude 71° 12' 36", longitude 155° 18' 
(dead reckoning) . This point was named after 
Chief Factor Christie. From thence the low 
coast turned westward for 8 miles (p. 151). 
Point Charles and Point Rowland on the east 
and west sides of Ross Bay were passed, and 
then a semicircular bay 4 miles in diameter, 
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which was named after Chief Factor Rod- 
erick Mackenzie (p. 152). A depth of 1^ 
fathoms and a sandy bottom were found in the 
middle of the bay. Seven miles beyond Point 
Scott they passed the mouth of a fine deep 
river a quarter of a mile wide, which they 
called the Bellevue. Shortly afterward Point 
Barrow was reached (p. 153). This point they 
found to be a long, low spit composed of gravel 
and sand. At the spot where they landed it 
was only a quarter of a mile across, but was 
considerably wider toward its termination, 
where it subsided into a reef that ran some 
distance in an easterly direction and was 
partly covered by the sea. 

After some hours of communication with 
the Eskimo at the village they left Point Bar- 
row oii the noon of August 4 and headed back 
on their old route along the mainland (p. 162). 
The natives called to them to go toward the 
extremity of the spit, but they distrusted their 
motives and did not follow their " insidious " 
advice (p. 163). At Point Rose they were 
blocked by the ice and camped. On August 5 
they reached the Eskimo camp on the east side 
of Dease Inlet, having found 2 fathoms half- 
way across the inlet. They continued to use 
the Eskimo canoe for the remainder of the 
trip, and soon rounded Point Tangent and pro- 
ceeded along- the outside of the sand reefs that 
inclose Fatigue Bay. At 5 a. m. on August 6 
they reached their comrades at Boat Extreme. 
Their position here was latitude 71° 03' 24", 
longitude 154° 26' 30". 

Shortly after noon on August 6 they started 
eastward again, steering across Smith Bay and 
landing at Boat Creek, behind Point McPher- 
son. Here they found abundant driftwood 
(p. i69). Thence after sailing along the land 
all night they reached Cape Halkett at noon 
of August 7, where they halted for some time. 
After proceeding 11 miles in a direct course 
for Point Berens they found a depth of 3 
fathoms (p. 170), the deepest water noted dur- 
ing the whole voyage. As a westerly gale came 
up, they shaped their course more into the bay, 
until they came within sight of the land. Tliey 
ran all night close reefed, the boats shipping 
much water in crossing the flats of Colville 
River. During this stormy run they fell in 
with a small island about a league from the 
main shore and 12 miles from the Colville. 
The water between Eskimo Island and the main- 



land was fresh, and the island contained & 
quantity of driftwood. The actual mouth of 
the Colville appeared to be fully 2 miles wide* 
They thought that it was probably the mouth 
of the Yukon, the river reported by the Indians 
to have its source in a large lake a thousand 
miles to the southeast (p. 173). 

Still under closely reefed sails and with the 
waves breaking over the boats they scudded 
inside of the Jones Islands and camped in the 
afternoon in a cove scooped out by a small 
river in the mainland opposite Return Reef 
(p. 174). The next day, August 9, their camp 
at Fawn River was found to be in latitude 70® 
25' 03" and longitude 148° 24' 45". Return 
Reef bore east-northeast about 2 miles distant. 
Their determination of the latitude agreed 
with Franklin's, but their longitude differed 
from his determination by about half a degree. 
Their longitude at Point Barrow agreed with 
that of Elson, and they were at a loss to under- 
stand the divergence at Return Reef. In the 
afternoon of the 9th they proceeded under 
oars, landing that night near Point Anxiety 
(p. 175), where numerous boulders of granite 
were strewn on the beach. On August 10 they 
sailed outside of Lion and Reliance reefs and 
inside of Flaxman Island and landed about 
noon on a reef in latitude 70° 09' 08". Cam- 
den Bay was crossed at a rapid rate and they 
landed at Barter Island at night (p. 176). 
Before midnight they reembarked and steered 
inside of the reefs for some time ; outside they 
encountered a heavy sea. They landed at De- 
marcation Point for breakfast on August 11 
and were forced by the ice to encamp. Her- 
schel Island was passed on the 15th (p. 180), 
and the Mackenzie was entered on the 17th 
(p. 184). They tracked the boats up this swift 
river at the rate of 30 to 40 miles a day, reached 
Fort Norman on September 4 (p. 192), and on 
the 25th the winter quarters that had been 
erected for them on Great Bear Lake. 

In a letter addressed to the governors of 
the Hudson's Bay Co. and published in thcj 
Journal of the Royal Geographical Society, 
Dease and Simpson gave a summary of their 
journey. There is little additional information 
in this communication. One point of interest 
lies in the size of the deer pound mentioned 
on page 135 of Simpson's volume. The dis- 
tance from the beach to the lake is given as 4r 
miles. 
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PiraXEN, 1M9. 

In the summer of 1849 Lieut. W. J. PiiUen, 
of the British ship Plover^ Commander Moorc, 
traversed the north, coast from Wainwright 
Inlet, about 100 miles southwest of Point Bar- 
row, to the Mackenzie, with the hope of find- 
ing news of Sir John Franklin's expedition. 
lie left the Plover July 25, 1849, with four 
boats, and a crew of 25 men (p. 24). He 
passed Point Barrow on August 2 and landed 
the next afternoon at a low sandy spit in lati- 
tude 71° 06' and longitude 154° 31' (p. 25). 
Cape Simpson, was passed before noon of the 
4th, and a little later, an observation was made 
in latitude 70° 58' 33" (p. 26). In crossing 
Smith Bay they shipped much water on the 
shoals, so they landed on the east side and 
spent a day or so in drying out their pro- 
visions. They got off on the 7th, and landed a 
few mriles beyond Point Drew for dinner. That 
night they camped at the deer pound mentioned 
by Dease arid Simpson. On the 9th they 
landed at the extremity of Cape Halkett (p. 
27). Thence they steered a course across Har- 
rison Bay toward Point Berens. Ice grounded 
in 5 fathoms was seen. As the wind freshened 
from the west the sea became so rough that 
one of the boats was nearly swamped. Pro- 
visions were thrown overboard, and they man- 
aged to reach land about 2 miles south of Point 
Berens. 

On the morning of August 11 they landed at 
this point and met a great many natives. 
Thence they sailed between Jones Islands and 
the mainland, following the land as close as 
the shoal water would permit. When abreast 
of the eastern island of the Jones group, they 
crossed over and followed its southern shore. 
Then they crossed to the mainland and landed, 
early on the morning of the 12th, on a very 
narrow beach about a mile east of Point 
Beechey (p. 28). Here they had trouble with 
an Eskimo encampment and were forced to 
move to the reef, where they barricaded them- 
selves until the head wind moderated (p. 29). 
At noon on the 13th they landed j^bout 2 miles 
from the western part of Return Keef , and that 
night reached a low shingly point 'i miles to 
the east of Foggy Island. 

The next day they passed Lion and Reliance 
reefs. Qn the morning of the 16th they landed 



on the eastern part of Flaxman Island. Thence 
they passed inside of the island and landed 
again on the low sandy beach that extends 
from the high eastern part of the island. That 
night they were prevented by shoals from 
reaching the land, so they made fast to a 
grounded berg and slept in the boats. They 
camped on the southwest part of Barter Island 
on the night of the 17th (p. 30). At noon of 
the 18th they landed on a small island east of 
Manning Point and erected a post near some 
buried pemmican. That night they camped on 
a small spit off Point Martin. 

On the evening of the 21st they camped near 
Herschel Island. They entered the Mackenzie 
on August 27 (p. 41) and reached Fort Good 
Hope on September 14, Fort Norman on the 
23d, and Fort Simpson on October 3. From 
this place the preceding account was for- 
warded to England. 

HOOFER, 1849. 

Lieut. W. H. Hooper, one of the officers who 
accompanied Pullen on his boat from Wain- 
wright Inlet to the Mackenzie in 1849, also 
published an account, which contains very 
little additional information. The party tried 
to go inside of Lion and Eeliance reefs, 
where they slept on the night of August 14 
(p. 252). They were hardly ever more than 
2 or 3 miles from the shore, between that lo- 
cality and Flaxman Island. The cliffs at the 
east end of this island were estimated to be 
40 feet high. 

MOORE, 1850. 

In the summer of 1850 Commander Moore, 
of the Plover^ made a boat journey as far east 
as Cape Simpson from a locality below Point 
Barrow. The following details are taken from 
his narrative: 

On July 28, east of Point Barrow, he discov- 
ered several sand islands which he named the 
Plovers group (p. 38). At the first entrance 
to Elson Bay, east of the point, he found 8 to 
9 fathoms of water. He reached Dease Inlet 
that night and camped in a bay on the east 
side. 

On July 29, while tacking toward Point 
Tangent, in about If fathoms,' he saw land to 
the north-northwest, which proved to be two 
islands, a large one and a small one. He> 
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land^ on the small one, where he found many 
nests and erected a post. The latitude was 
found to be 71° 13'. This island was named 
Martin Island, and the larger one Cooper 
Island, after oflScers of the Plover, He then 
worked eastward nearly to Cape Simpson, but 
was forced to run back into Dease Inlet for 
shelter, where he camped on the same day as 
before, and named it Return Cove. 

On July 30 he was held in camp. The lati- 
tude was found to be 71° 11' 18" and the longi- 
tude 155° 46'. 

On August 1, while standing out to the 
northward, he discovered several islands. He 
landed on the third island and erected a post. 
The latitude was 71° 15' 40". Then he steered 
east one-half north along the island nearly to 
Cape Simpson. At 1 o'clock in the afternoon 
he turned about and by 3 o'clock was beating 
between Cooper and Martin islands and the 
mainland. 

On August 2 he was inside of the Plover 
group at 3.45 a. m. and reached Point Barrow 
at 4.30 a. m. There were four islands in the 



group. 



McCLUBE, I860. 



In January, 1850, Capt. Robert McClurc 
sailed from England in command of the ship 
Investigator^ with directions to enter the Arc- 
tic Ocean through Bering Strait and to sail 
eastward along the northern coast of America 
in search of Sir John Franklin. Capt. Col- 
linson, on the EiyterpriHe^ left at the same time 
with similar orders. The following summary 
is taken from the account of McClure's voy- 
age, edited by Capt. Sherard Osboni. 

Point Barrow was passed in an open sea at 
midnight of August 5, 1850 (p. 60). On the 
8th a boat was sent to Point Pitt, where a 
cairn was erected (p. 62). On the 9th much 
heavy ice was observed to be aground in 40 
feet of water. The party landed upon Jones 
Island, in latitude 70° 33' and longitude 150° 
16' and found that it contained a great swamp 
(p. 73). The beaches were strewn with drift- 
wood. On the 14th the ship was much ham- 
pered among the low and dangerous islands 
which lined the coast in longitude 148° 17' 
(p. 78). On the 15th they anchored off Yar- 
borough Inlet (p. 80) and on the 18th passed 
Flaxman Island. Shortly afterward the ocean 



appeared open, and they steered out from land 
and ran on until noon of the 19th in fog and 
snow squalls, when they found themselves to be 
in a blind lead, about 70 miles from land. To 
clear the ice they were forced to turn south- 
ward, and on the 21st they were abreast of the 
Mackenzie. The Investigator was abandoned 
on the north shore of Banks Land a few years 
later. Her crew crossed the ice to the Parry 
Islands, whence they were carried home in the 
ships of another expedition. 

A communication from McClure to the Sec- 
retary of the Admiralty is published in the 
British Blue Books. This is also found among 
the reports of the Arctic searching expeditions. 
There is little additional information, except 
that they landed and erected a cairn at Point 
Drew (pp. 25, 57). Two old Eskimo caches 
were found at Pitt Point (p. 20). A cairn 
was erected on Jones Island (p. 26). 

COLUHSOK, 1861-1864. 

CoUinson, who sailed from England on the 
Enterprise at the same time as McClure, 
rounded Point Barrow about July 25, 1851, 
and was held within sight of it until the 30th 
(p. 144). On August 2 his party crossed Har- 
rison Bay in thick weather and so did not see 
the Pelly Mountains (p. 145). At no(m of 
this day their observations put them 2 miles 
inland, according to their charts. Therefore 
Collinson placed the coast line 5 miles farther 
south than the line drawn by Simpson (p. 
146). When the Romanzof Chain opened to 
view, the necessary angles for determining the 
position of the most remarkable peaks were 
obtained. True south, at about 2 miles, lay a 
low shingle bank, beyond which Point Anxiety 
could be seen, and to the west a low chain of 
islets, 2 to 4 miles from the mainland, could be 
traced as far as Chandos Point (p. 147). Lion 
Reef was reached about midnight of the 5th, 
and the sand banks were found to continue 
that far. Flaxman Island was glimpsed, and 
east of it four sand banks, and then a broad 
opening, the entrance to a large "lag:ime." 
Several huts were noticed on Barter Island. 
The cliffs of Manning Point were from 30 to 
40 feet high, the highest land seen since they 
left Point Barrow (p. 148). Thence they soon 
passed into British territory, where they spent 
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two winters before starting on their retUm 
westward. In September, 1853, they passed 
Herschel Island again and a few days later 
were blocked at tne long sand bank which 
fringes the coast west of Point Manning (p. 
299). On the 14th they got free and ran until 
they sighted Flaxman Island (p. 201). Abreast 
of it they were compelled to go into 2f fath- 
oms and nearly grounded. Near by they tied 
up to a floe grounded in 7^ fathoms, being 
hemmed in by heavy ice. Here, on September 
26, they were frozen in for the winter. 

On October 4 Collinson started over the ice 
toward Barter Island, and at noon reached a 
low point. Thence they went inside of Boulder 
Island and along the shore in hazy weather 
(p. 305). At 5 o'clock they reached a low 
cliff where the coast range of hills began. 
After crossing a long, shallow bay the next 
morning, they arrived at 10 o'clock at a shingle 
point, upon which were 10 small huts and one 
large one. They continued alongshore, passed 
some cliflTs, and reached another point by noon. 
Here there was a settlement. Then they 
crossed what was most probably the mouth of 
a river, but very shoal, and camped on low 
ground. On October 7, in thick weather, they 
camped before noon and were storm bound un- 
til the 10th (p. 306). Thence they retraced 
their steps and camped on the point with the 
10 huts. The next day they camped early and 
did not recognize their locality. On the 12th, 
after being confused in thick weather, they 
reached the ship (p. 307). 

In the last of April, 1854, Collinson made an 
attempt to explore to the northward but was 
forced by the roughness of the ice to give it 
up (p. 312). On May 15 he set out to find the 
Canning. The coast was traced to the east, 
but the embouchure was not discovered. The 
second morning he struck inland and found 
that the land rose suddenly to 50 feet at a dis- 
tance of 2 miles from the shore and then 
formed a table-land, here and there traversed 
by broad watercourses. On the 17th it was 
foggy, but at 3 p. m. they reached a steep ac- 
clivity, "where they camped (p. 313). In the 
morning they found that the mountains rose 
like a wall close at hand. They climbed up a 
slope of 35°, formed of sandstone talus, and 
brougiht up in the mist on a narrow shelf at 
an elevation of 2,200 feet. The summit, which 



w4s not the highest part of the chain, was esti- 
mated to be 700 feet above them. During the 
day they crossed over a patch of red clay. 
They returned to the ship during a thick haze, 
without the extended view which they had 
hoped for (p. 314). 

On July 5 they set off again to obtain some 
observations upon the elevation of the Roman- 
zof Chain (p. 310), and soon discovered that 
what they had taken for the eastern bluff of 
Flaxman Island was in reality the embouchure 
of the Canning. The westward trend of the 
river had confirmed their error. The Staines 
was considered to be another outlet of the saiye 
river and Brownlow Point to be a large island. 
The ice still remained packed on the sand banks 
to the east and west, and in no place was there 
so much water as immediately opposite the 
ship (p. 317). 

On July 10 Lieut. Jago departed in a whale- 
boat for Point Barrow, as there was sufficient 
water along the shore to allow him to clear 
Brownlow Point. 

On the 15th the ice began to move. The ship 
broke free the next morning and brought up 
off Point Brownlow, where the ice was still 
against the shore (p. 319). On the 20th they 
passed Flaxman Island, but could not go with- 
in the sand banks (p. 321). On the morning 
of August 5 they were 2 miles from a low eand 
bank to the west of Jones Island, and a boat 
was sent to erect a mark on it (p. 323). Point 
Barrow was reached on the 8th (p. 324), and 
Port Clarence on the 21st (p. 330). 

Lieut. Jago's account of his boat trip to 
Point Barrow (pp. 324-327) is as follows: 

July 10. — Left the ship about noon and, being 
blocked by the ice in tlie afternoon, portaged over a 
shingle bank and i)r()ceeded inside and rounded Point 
Brownlow. Camp was made about 8 miles beyond. 

July 11. — Worke<l among the ice cakes and at 10 
o'clock launche<l across Lion Reef. Passed inside of 
Foggy Island. 

July 12. — Off Point Anxiety at 5.30 a. m. Ice close 
in, so launched over the point. The ice still remain- 
ing close in, went ashore and campeil, in thick 
weather. 

July 13. — Worked heavy ice until noon and reached 
open water off Yarborough Inlet. Rounded Point 
Heald at midnight. 

July 14. — Landed on a reef in the morning, passe<l 
Return Reef about noon, and worked inside the reefs, 
poling and sailing. 

July 15. — Landed at Point Milne at 6.30 a. m. Ice 
close inshore. Observed a mark at Point Berens, ex- 
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amined it, and found It to be that erected by the 
Plover" 8 party in 1849, with three tins of pemmicau 
buried near it. Landed again on a reef about 10 
miles west of Point Berens, and buried a boat, a 
sledge, boat's rudder, and slings, and some bread in 
a black bag. 

July 16, — Working across Harrison Bay and at noon 
rounded a point in very shoal water. Some huts seen 
on the shore. 

July 11. — Working ice ; some fog ; camped on land. 

July IS. — Sailing and poling along the land in shoal 
water. 

July 19. — Sailing and poling along the land in shoal 
water. 

July 20. — ^Thick fog; ran to westward in about 2 
feet of water and no land seen. Camped at Cape 
Sftnpson. 

July 21. — Remalne<l U\ camp. 

July 22. — Passeil Point Tangent In evening and 
camped in Dease Inlet. 

July 23. — Rounded Point Christie and campetl on 
Point Charles. 

July 2't. — Arrived at Point Barrow. 

In his short communication to the Ad- 
mirahy, published in the British Blue Boolcs, 
CoUinson gives no information of interest 
which was not embodied in his narrative. 

Collinson's communication to the Royal Geo- 
graphical Society contained his astronomical 
positions but little else of importance (p. 266)^. 

Collifi8on*8 positions on the Arctic coast of Alaska. 

Lati- Longi- 

tude tude 

north. west. 

' Of 

Point Barrow, extreme point* 71 24 156 15 

Cape Halkett (islot) 70 50 152 18 

Sand bank off Colville River 70 34 150 27 

Sand bank off Yarboroiijxh InU't 70 30 148 17 

Flaxman Island (northeast point) __ 70 11 145 44 

Mouth of Canning; (west bank) 70 0(5 145 32 

Manning Point 70 06 143 41 

The route map whicli accompanies this re- 
port contains no new details of the sliore of 
Camden Bav. 

ft 

MAGUIBE, 1852-1854. 

[Seeflg. C] 

In accordance with the plans for the relief 
of Sir John Franklin and also of the ships 
which had gone to the east in his search, Com- 
mander Magiiire of the PJoi^er wintered in 
Moore Harbor at Point Barrow between 1852 
and 1854. His narrative for the first winter is 

* After Pullen. 



given in the appendix to McClure's book and 
also in the reports of the Arctic searching ex- 
peditions and in the British Blue Books. His 
map is published in each oJ the two last-men- 
tioned volumes. 

The following abstract follows the paging of 
the British Blue Books: 

Maguire left Port Clarence with the Plover 
on August 2, 1852, and reached Point Barrow 
on September 3 (p. 165). Here he succeeded 
with some difficulty in warping over the shoals 
that guarded the westernmost entrance to 
Elson Bay (p. 166). On the 21st he made a 
boat trip to the east as far as Dease Inlet (p. 
167). At first he went out from the land into 
5 fathoms, but in running toward the land 
again they became entangled among a series of 
sand spits. They then steered along the out- 
side of the low chain of sandy islets and 
camped on one of them. Maguire was puzzled 
about his position, for he considered it impos- 
sible for the early explorers not to have noticed 
these islands. After steering south the next 
day they landed on a point which proved to 
be Point Christie. Here a mark was erected. 
Then they crossed Dease Inlet, finding the 
depth 11 feet in the middle and the shores very 
shoal. Thence they returned to the ship. 

Dease Inlet was further examined by the 
second master in the month of May, and the 
southern shores were traced. Four inconsider- 
able rivers empty into the inlet, two on each 
side. The chain of islands which commenced 
at the ship and abutted on Point Tangent, the 
western part of which was discovered by Capt. 
Moore and named the "Plover's group," were 
found to number 10, but only 2 or 3 of them 
bore vegetation. The only channel between 
them of sufficient depth for a ship was at the 
winter quarters. In November a 13-day trip 
was made over the ice as far eastward as Point 
Drew, where a cache of food was made for the 
spring trip (p. 161). In the middle of Febru- 
ary, 1853, Maguire made a sled trip southwest 
along the coast for about 40 miles (p. 178). 
In April he made another sled trip to the east 
for 25 days (p. 161). No details of this trip 
are given, but from the route map it is seen 
that he reached the Jones Islands. No winter 
huts were found along the coast (p. 162). 

During the summer of 1853 Maguire went to 
Port Clarence to refit and returned to winter 
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again at Point Barrow. The following is an 
abstract of his second trip: 

He reached the former berth in Elson Bay 
on September 7 and immediately placed the 
ship in winter quarters (p. 907). In October 
he made a sled trip as far east as Cape Halkett 
and buried 120 pounds of pemmican. In April 
and May another trip was made as far as Point 
Bercns (p. 909) . In July the Plaver left Point 
Barrow and reached Port Clarence by August 1 
(p. 912). Thence the expedition returned to 
civilization. 

A valuable account of the Eskimo of north- 
ern Alaska is given by Surgeon John Simpson 
of the Plover. Some native information as to 
the country is also given, and a native map of 
(he north coast between Point Barrow and 
Humphreys Point. The native who drew the 
map denied the existence of the Pelly Moun- 
tains and was most positive that no hills even 
were visible from the coast on the west side 
of the Colville (p. 937). 

WHALE SHIPS SINCE 1854. 

The first whale ships to go beyond Point 
Barrow are reported to have done so upon 
the reconmiendation of Capt CoUinson after 
his return from the east in 1854. From that 
time they each year advanced a little farther 
eastward, until in 1889 the first whalers are 
reported by Stockton to have advanced be- 
yond the Mackenzie and to have wintered at 
Herschel Island. Since that time as many as 
twenty ships have cruised along the northern 
coast in a single summer. As the land is low 
and has few marks by which localities can be 
distinguished, the wlialers knew but few de- 
tails of the coast line. As their observations arc 
not published, it is impossible to credit them 
with their discoveries. Such features as the 
Midway Islands and Cross Island, named by 
Stockton, were of course known long before 
the Thetis entered that part of the ocean. 
Pole Island of the charts is believed to be an- 
other of their landmarks. Barter Island of 
Franklin is all inconspicuous sand island, and 
Manning Point is in reality an island with 
the highest cut banks of the whole coast, and 
thus the whalers have applied the name of 
Barter Island to Manning Point. This name 
has long been the local usage. 



Hunting parties from ships wintering at 
Herschel Island have been reported to travel 
as far to the west as Aichillik River. Several 
parties have gone to the Yukon by way of the 
winter route up Firth River. 

In navigating this low coast in thick weather 
the lead is constantly employed. In dangerous 
localities two men sound alternately as fast 
as they can. In this way the whalers have 
gained an intimate knowledge of the sound- 
ings, but' unfortunately the knowledge is per- 
sonal with each captain and can not be made 
available. Their rule is to follow 7 fathoms, 
if possible, when east of Point Barrow. This 
depth takes them clear of all dangers except, 
of course, the danger from the ice. 

BAT, 1881-1888. 

Point Barrow was selected for one of the 
International Polar Stations of 1881, and 
Lieut. P. H. Ray, United States Army, was 
placed in charge of it. The party of 10 men 
reached Point Barrow on September 8, 1881, 
and landed about 8 miles southwest of the point 
near the Eskimo village (p. 22). Here winter 
quarters were established and a series of scien- 
tific observations were carried on for two 
years. In March, 1882, Ray made a trip into 
the interior, of which an account was trans- 
mitted to his superiors (p. 24). Another trip 
was made southward in March and April, 1883, 
during which Meade River was partly mapped 
(p. 27). At his farthest camp, from an eleva- 
tion 175 feet above the river, he discovered a 
low range of mountains about 50 miles to the 
south. These were named the Meade River 
Mountains (p. 28). The expedition returned 
to the United States in September, 1883. 

The latitude of the base station was deter- 
mined by a few observations of the sun with 
sextant and theodolite, and the longitude by 
chronometric comparisons between San Fran- 
cisco and Point Barrow in the summer of 1882. 
This work was supplemented by three sets of 
lunar distances. The positions adopted by the 
Coast and Geodetic Survey for the observa- 
tory at the station (p. 449) are latitude 
71^ I7.7'db0.3', longitude 156*^ 39' 45''zt02' (?). 

An account of Ray's first trip eastward, men- 
tioned above as having been transmitted previ- 
ously to his superiors, was foiihd in the United 
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Stat«s Signal Service Notes. The abstract ia 
as follows: 

In March, 1882, he made a sled .trip south- 
ward in order to purchase some caribou meat 
from the natives (p. 37). He discovered a 
river which was named after Gen. G. G. Meade, 
United States Army (p. 38) ■ In April he pro- 
ceeded inland for 35 miles, in the direction 
E. 28° S., and found that the Meade emptied 
into the ocean by five mouths, in latitude 70° 
59' and longitude 154° 32'. The details of his 
astronomical obser^tions for the position of 
winter quarters are given in the same report 
(pp. 25-34). 

BTOHET Airs HOWABD, 18BS. 

In December, 1885, Lieut. G. M. Stoney, 
United States Navy, left his winter quarters on 
the Kobuk and reached the headwaters of the 
Coiville by way of the Noatak ( p. 39) . He trav- 
eled for several miles down the Coiville to the 
native village of Is^heuk, near the northern limit 
of the mountain range. Learning from the na- 
tives that it woiild be impossible to reach the 
Arctic coast at that time of year, he returned 
to winter quarters. 

In February he again reached the Coiville 
waters, this time at Chandler Lake, but was 
again unable to persuade the natives to accom- 
pany him to the Arctic coast (p. 44). 

In April Ensign W. L. Howard was directed 
to go to the headwaters of the Coiville at 
Isshenk and thence to Point Barrow (p. 66). 
At first he traveled down the Coiville by sled 
with the Eskimo (p. 70). Near the outside of 
the mountains they sledded in one day to the 
headwaters of the Ikpikpuk (p. 71), which he 
renamed the Chipp (p. 73). In June they 
were able to descend this river in native canoes. 
Near the mouth the river divided into two 
branches. Howard took the west one, but was 
informed that the other also reached salt 
water (p. 75), He was detained nearly three 
weeks at the mouth until the sea ice broke 
from the shore (p. 76), Then he proceeded 
along the coast, mostly in fog, until he reached 
Point Barrow on July 15, 96 days after leav- 
ing his winter quarters (p. 77). He returned 
by sea to headquarters near Kotzebue Sound. 

STOOKTOir, tss». 

In 1889 Capt. C. R. Stockton, of the U. S. S. 
Thetu, was assigned the duty of looking after 
the whaling interests in the Arctic Ocean. 



The expedition arrived at Point Barrow on 
July 29 and found Bay's house still standing 
(p. 181). A house of refuge for shipwrecked 
whalers was erected near by. Here they met a 
man named Joe Tuckfield, who had just come 
from the Mackenzie in an open boat, hav- 
ing gone eastward the previous summer (p. 
183). The Thetis proceeded eastward from 
Point Barrow on August 8 and on the 9th was 
abreast of the Coiville (p. 184). Here they 
failed to find the Pelly Mountains, and from 
the testimony of the wlialers they concluded 
that they did not exist. Thence they skirted 
along some long, low islands which stretched 
between the mouth of the Coiville and Return 
Reef. These islands, which were not shown 
on the charts, were designated the Thetis 
Islands. Later, as the ice was heavy, they 
anchored near a small island which was marked 
by a wooden cross and to which the name 
Cross Island was given (p. 185). On making 
soundings they found the water inside of Cross 
Island was too shoal for the Thetis. They 
passed Lion Reef and entered Camden Bay, 
where they again anchored (p. 186). They 
found that the shore line of the charts was too 
far north, as their portion near Flazmaa 
Island put them well inland. At Manning 
Point they met several whale ships returning 
from the Mackenzie. As ice conditions were 
reported favorable, the Thetis proceeded east- 
ward {p. 187), and in the afternoon of August 
15 anchored off the southwest end of Herschel 
Island (p. 188). Later, they steamed around 
the north side of the island and found two 
whale ships anchored there (p. 189), A snug 
harbor was found near by and surveyed. It 
was given the name of Pauline Cove. The 
waters between the island and the mainland 
were found to be too .^hoal for a ship channel. 
Returning toward Point Barrow, they passed 
the Midway group (p. 191) and skirted along 
the long and narrow island which bore the 
name of Thetis Island. Point Barrow was 
reached on August 25, whence they returned 
to civilization. 

In a communication to the Hydrographic 
Office of the Navy Department, Stockton fur- 
nishes the following additional details of the 
\oyage of the Thetis: 

Some shoals a few miles east of Cape Hal- 
kett, in Harrison Bay, were named Pacific 
Shoals, after the whale ship whose master, 
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Capt. Knowles, had reported them. The Mid- 
way Islands are described as the west end of 
Lion Reef, midway between Lion Reef proper 
and Return Reef. On one of them the whalers 
had erected a cross, so the name of Cross 
Island was applied to this one. The position 
of this island was latitude. 70^ 27' 80'', longi- 
tude 147° 52 • 30". Stockton received reports 
that whalers had entered the lagoon within 
this chain of islands near a small island 
marked with a pole, west of BuUen Point, 
which is a part of Lion Reef. They reported 
that they stfeered at first for the small inshore 
group of islands marked on the charts, and 
then westward, and found nowhere less than 
8 fathoms. This inside channel had been used 
when the ice lay against the chain of islands. 

A good anchorage was found off a sand spit 
in the lower part of Camden Bay, shown on 
the charts. This spit Stockton named CoUin- 
son Point, after the captain of the Enterprise^ 
who wintered near by in 185S-54. The bay 
behind the spit was named Simpson Cove. 

Stockton's position for Ray's station, near 
Point Barrow, is latitude IV 18' 80" and 
longitude 156*^ 39' 04". The observation spot 
at Herschel Island was in latitude 60*^ 32' 45", 
longitude 138^ 57' 15". 

TiraKEB, 1890. 

In March, 1890, Mr. J. H. Turner, of the 
United States Coast and Geodetic Survey, 
sledded from the international boundary at 
Porcupine River to the Arctic Ocean. His 
route lay across the Arctic Mountains and 
down a small river which brought him to the 
coast opposite Herschel Island. This river 
was named the Firth, after one of his com- 
panions. That part of the mountains which 
formed the Arctic- Yukon watershed he named 
the Davidson Mountains. 

This information is from the report of the 
United States Coast and Geodetic Survey. 
No additional information was found in the 
National Geographic Magazine. 

FVNSTOK, 1894. 

While acting as special agent engaged in 
botanic exploration for the Department of Ag- 
riculture, Mr. Frederick Funston (afterward 



major general. United States Army) spent the 
winter of 1893-94 at Rampart House on Porcu- 
pine River, near the Canada-Alaska boundary. 
During the spring of 1894 he made a trip over- 
land to the Arctic Ocean. The two short ac- 
counts published in Harper's Weekly contain 
no niention of the discovery and naming of 
Turner River, with which he has been credited. 
After an extended search, the manuscript of 
his report to the Department of Agriculture 
was found in the files of Dr. Frederick V. Co- 
ville. The following defails have been ab- 
stracted: 

Funston left Rampart House on March 10, 
1894, accompanied by a single Indian. His 
coarse was irregular, at first northwestward for 
about 150 miles and then northeastward to the 
Arctic Ocean. After nine days' travel he 
reached a band of Indians encamped about 175 
miles northwest of winter quarters. The coun- 
try was rolling and treeless, excepting in shel- 
tered localities. 

He left the Indian camp on the 23d, traveled 
northeast up the valley of the Sheen jek, and 
camped in a grove of spruce trees less than 2 
miles south of the Arctic- Yukon divide. The 
next day he crossed the divide by a low pass 
into the headwaters of a river which he named 
the Turner, after J. H. Turner, of the United 
States Coast and Geodetic Survey. He then 
descended this river, and after traveling north- 
eastward along its frozen surface for four days 
he reached the Arctic Ocean a short distance 
west of Demarcation Point. After a two days' 
trip eastward along the coast he reached 
Herschel Island, where he foimd seven whale 
ships in winter quarters. 

After a brief visit he retraced his steps to 
Rampart House. The return was made in 15 
days. In the 39 days of absence he had trav- 
eled more than 600 miles. 

PETEBS AVD 80HBADEB, 1901. 

In the summer of 1901 Messrs. W. J. Peters 
and F. C. Schrader, of the United States Geo- 
logical Survey, made a trip from the Yukon to 
the Arctic Ocean. They started from Settles, 
on the Koyukuk, in June, 1901, and went up 
to the head of John River by canoe. Then 
they portaged 5 miles to Anaktuvuk River and 
descended this rivef* into the Colville (p. 17). 
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After mapping part of the Colville delta they 
proceeded westward along the coast to Smith 
Bay, where, on account of the lateness of the 
season, they gave up plane-table work and 
traveled to Point Barrow with some Eskimos, 
whose boats were more seaworthy than the 
Peterboro canoes. 

The main channel of the Colville delta is the 
easternmost (p. 23). It was over 12 feet deep 
at the head of the delta and was not explored 
to the sea. They did not find the native vil- 
lage of Nigaluk, for they had failed to notice 
the westernmost channel. The delta is esti- 
mated to be 20 miles wide. 

B. J. MARSH, 1901-1908, AND OTHER FR08FEGT0R8. 

Two prospectors, S. J. Marsh and F. G. 
Carter, wintered in the Camden Bay region in 
1901 and explored some of the inland drain- 
age (p. 103). Three large rivers are reported 
between the Canning and the Colville (p. 103). 
The Kupowra (Kuparuk), which has its source 
opposite an eastern tributary of the Colville; 
the Sawanukto (Sagavanirktok), a larger 
stream entering the Arctic through a broad 
delta 20 miles east of the Kuparuk; and the 
Savaovik. Barter (Sadlerochit) River enters 
the ocean at Manning Point. 

Marsh and Carter arrived at Collinson Point 
in September, 1901, and established winter 
quarters on the beach (p. 260). In April, 
1902, Marsh hauled provisions inland as far as 
Cache Creek, a tributary of the Canning. Dur- 
ing the summer he explored the headwaters 
of this stream and then descended to a point 
within 25 miles of its mouth. Here he met 
F. G. Carter and Ned Arey, and they all win- 
tered in the mountains (p. 261). In Febru- 
ary, 1903, Carter went up the right fork of the 
Canning and over into the Yukon drainage, 
and Marsh followed in April, naming, the pass 
after Carter. He and Carter remained within 
30 miles of the pass until the southward-flow- 
ing river was navigable, when Marsh built a 
raft and floated downstream until he met with 
a mail carrier, who informed him that he 
was on the Chandalar. Shortly afterward he 
reached Fort Yukon. 

The prospector H. T. Arey, locally known as 
Ned Arey, sledded to the Canning from Point 
Barrow in 1901 and wintered for 11 years in 
that neighborhood. He was thus the first white 



man to have a detailed knowledge of the coast 
line as a whole, and also of much of the inland. 
He was the first to enter Canning, Hulahula, 
Okpilak. and Jago rivers, and probably sev- 
eral of the others. He gave Marsh the native 
maps of Kuparuk, Sagavanirktok, and Shavio- 
vik rivers, which were later transmitted to the 
United States Geological Survey and appeared 
on the map of 1903. His intimate knowledge 
of the coast between Point Barrow and Her- 
schel Island was of the greatest assistance to 
the writer in finding his way when the country 
was new to him and in planning for the de- 
tailed surveys. Arey's information was clear 
and definite, except that he overestimated dis- 
tances and his forms of the native names were 
inexact. Like most of the other white men 
who come into the country he accepted the 
first pronunciation he picked up, regardless of 
its source or accuracy. He is mentioned several 
times in Stefdnsson's book, as well as in Mik- 
kelsen's. 

Several other prospectors have penetrated 
the country from the Yukon. Messrs. James L. 
Reed and Walter Lucas ^ are reported to have 
explored a part of the Colville in 1903. Others 
have been reported to the writer to, have come 
to the coast by the Sagavanirktok. 

BTEFAkSSOH and ANDEBSON, 1909-10, 1919. 

In the summer of 1908 Vilhjalmur Stefdns- 
son made a trip to the Arctic coast of North 
America, accompanied by Dr. R. M. Anderson, 
The expedition was under the auspices of the 
American Museum of Natural Historv ; its ob- 
ject was to investigate the Eskimo of Dolphin 
a.nd Union straits, east of the Mackenzie. 
Three years were spent in Canada and one on 
the- north shore of Alaska. Stefansson and 
Anderson reached the Arctic Oceail by way 
of the Mackenzie during the later part of July, 
1908, and proceeded to»Hcrschel Island, hoping 
to get provisions from the incoming whalers. 
As no ships arrived by the middle of August, 
Stefansson went to Point Barrow on the re- 
turning whaler Karluk^ and Dr. Anderson 
remained with the outfit to get along as best 
he could (p. 42). At Point Barrow Stefansson 
procured an outfit from the whalers and started 

^ Schrader, F. C, and Peters, W. J., A recozmaisBance in 
northern Alaska in 1901 : U. S. Geol. Survey Prof. Paper 20» 
p. 31, 1004. 



86 



THE CANNING RIVER REGION, NORTHERN ALASKA. 



eastward in a small boat in September to find 
Anderson. They got into difficulties among 
the shoals in the lower part of Smith Bay, 
which they had entered thinking it was Mc- 
Kay Inlet, just east of Point Tangent (p. 53). 
Stefansson declares that the two bays on the 
charts between Point Tangent and Smith Bay 
are purely mji:hical (p. 54). They were 
frozen in at Smith Bay, but as soon as the 
ice would bear them they proceeded eastward 
by sledge. The lower part of Smith Bay was 
found to contain the delta of a large river, the 
Mayoriak, which is the outlet of the Tasirkpuk, 
or **big lake" (p. 58). East of the Colville 
they passed a point known to white men and 
Eskimo alike as Oliktok but which on the 
charts is called Beechey Point (p, 64). They 
reached Flaxman Island in October and found 
Dr. Anderson living in Leffingwell's house. 

Plans were then made for the winter. Dr. 
Anderson went into the mountains back of 
Barter Island, while Stefansson returned to 
the whaling station at Point Barrow (p. 69). 
He left Flaxman Island on October 20 (p. 71) 
and arrived at an Eskimo village near the 
point where Itkillik Eiver empties into the 
head of the Colville delta (p. 80). On Novem- 
ber 28 he reached Point Barrow (p. 84) and 
remained in the neighborhood as guest of the 
white men until March 6 (p. 94). Then he 
sledded eastward to Flaxman Island. Here 
he met Dr. Anderson, who had just returned 
from living all winter with the Eskimo upon 
the resources of the country (p. 100). 

On April 16 Stefansson left Dr. xVnderson 
at Flaxman Island (p. 101) and returned to 
Point Barrow, arriving on the 30th (p. 103). 
There he was a guest of the school-teacher until 
May 16, when he again started eastward (p. 
106). At Smith Bay he found that Dr. Ander- 
son, according to his expectations, had already 
reached the cache made the previous fall, and 
had hauled evervthinsf to Pitt Point. Thence 
they slowly moved their heavy load over the 
softening ice, imtil they were blocked on June 
12, about 15 miles west of the Colville delta 
(p. 108). On the 23d they were able to launch 
their native canoe and proceed in the water 
that had formed along the shore (p. 113). On 
the 25th they entered the western edge of the 
Colville delta, and on the 30th they reached 
the Eskimo trading site of Nirlik. They left 



this place on July 5 and went up the western 
branch of the river until they reached the 
mouth of Itkillik River. Then they proceeded 
down the eastern arm, reaching Oliktok on the 
14th (p. 115). Although their boat drew no 
more than a foot of water, they spent half of 
their time wading over the barely submerged 
mud flats, seeking for the narrow and intricate 
channel where alone they could float (p. 115). 

They reached Flaxman Island on August 5, 
and thence proceeded along the coast to a point 
within 30 miles of Herschel Island (p. 117). 
Stefansson left Dr. Anderson to follow on with 
the Eskimos and started ahead with a. light 
boat but soon obtained passage on a whale ship 
(p. 118). He reached Herschel Island in this 
way on August 18 and procured passage be- 
yond the- Mackenzie on a whaling ship, leaving 
Dr. Anderson to work his way along the shore 
with the Eskimos. 

After remaining in Canadian territory dur- 
ing the winters of 1909 to 1912 Stefansson 
left Dr. Anderson to care for and bring out 
the collections and sledded westward to Point 
Barrow (pp. 36a-369). He stopped at CoUin- 
son Point (p. 378) and Flaxman Island and 
arrived at Point Barrow on June 13, 1912 (p. 
386). Here he was guest of the white men 
until he obtained passage on the revenue cut- 
ter Bear on August 12 (p. 389). About a 
month later he reached the United States. 

Di;. Anderson remained east of the Macken- 
zie with the ethnologic and zoologic collections, 
until he was able to get passage on one of the 
two whale ships which had sailed that far 
eastward. He arrived at San Francisco in 
November. 

In the winter of 1908-9 Dr. Anderson crossed 
over the divide between the Hulahula and the 
Chandalar. He. was the first white man to 
enter the headwaters of this portion of the 
Yukon drainage (p. 436). 

ALASKA-CAKADA BOUKDABY STTBVET, 191S. 

In the summer of 1911 the survey of the 
141st meridian, under the direction of Thomas 
Riggs, jr., was carried northward from a point 
on Porcupine River to a point about 20 miles 
from the Arctic Ocean. In 1912 the party 
reached the ocean. A strip of twritory 4 miles 
wide was mapped in-detail and prominent peaks 
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outside of this area were located. Near the 
coast the topographers mapped several addi- 
tional miles east and west of the line. Their 
work includes a portion of Firth, Malcolm, 
and Clarence rivers, and Demarcation Bay. 
The topographic maps of the boundary have 
recently been published, but in 1915 no official 
report had been made available. 

CAVADIAJr ABCTIC EXPEDITIOH, 1013-14. 

In the summer of 1913 Stefansson and An- 
derson entered the Arctic Ocean through Ber- 
ing Strait for the purpose of exploring the 
area northwest of Prince Patrick Island and 
also of carrying on scientific observations on 
the Canadian mainland. There were three ves- 
sels and about 50 men. The expedition was 
divided into two parties — ^the northern party, 
under Stefdnsson, the southern party under 
Anderson. 

The expedition was still in the field when 
this report was written, but the following par- 
ticulars are given from the writer's knowledge : 

The northern party's ship — ^the Karluk — 
was caught in the ice pack some distance off 
from the north shore of Alaska and was car- 
ried by the westward drift nearly to Herald 
Island, off the Siberian coast, where she was 
crushed and lost. Stefansson and three or four 
men were on the Alaskan shore when the ship 
drifted away and could not rejoin her. 

The southern party, in two small gasoline 
schooners, reached the safe harbor behind Col- 
linson Point, where they wintered. Here they 
were joined by Stefansson and his companions. 
In this scientific party there were two topog- 
raphers, a geologist, an ethnologist, a marine 
biologist, and a zoologist. The topographers 
made a detailed survey of the neighborhood of 
CoUinson Point after the ice had formed and 
obtained soundings by cutting through the ice. 
A rapid sled trip was made up Sadlerochit 
Eiver in October and a route sketch was drawn. 
In this trip they rounded the east end of the 
Sadlerochit Mountains and went up the river 
to a point opposite Ikiakpuk Vallev. The 
geologist found a good exposure of Triassic 
rocks at the farthest camp and brought back 
some fossils. In the spring of 1914 Stefans- 
son, who had in the meantime traveled back 
and forth from the Mackenzie, started out over 
the ice of the Arctic Ocean to take soundings 



toward the north. The story of this trip has 
appeared in the newspapers. 

About the same time the topographers and 
the geologist went into Canadian territory 
and are reported to have made a survey of 
the coast from Demarcation Point to Herschel 
Island while the snow was still on the groimd 
and also to have mapped the lower part of 
the Firth and to have examined the geologic 
formations. In the early summer part of the 
Mackenzie Delta was mapped, and then the 
expedition moved from Collinson Point into 
the country east of the Mackenzie. 

At the writer's suggestion the ethnologist, 
Diamond Jenness, gathered all the native place 
names possible and put them into the simplest 
form of spelling he could devise. Nearly all 
his forms were in close agreement with the 
writer's, but both Jenness and the writer dif- 
fered from Stefdnsson in spelling. The fol- 
lowing is a portion of a personal communica- 
tion from Jenness, dated Barter Island, July 
15, 1914: 

I inclose a few names of places whose meaning or 
supposed meaning I have ascertained from the Eski- 
mos here. I give my own peculiar spelling and what 
seems to be the nearest equivalent In current use, as 
you suggested. I seem to have noticed considerable 
variety in the pronunciation of words, and it is prob- 
able that many of our forms disagree where our ori- 
ginal sources disagreed. Of course you will prefer 
your own spelling. ♦ ♦ ♦ I felt much more com- 
forte<l about my spelling, though, when I found that 
we agreed so nearly. 

OEOGRAPHIO NOMENOXATTJRE. 

intt:rpretatiox of the lfterature of explora- 

TIOX. 
FRAKELIK. 

Franklin was the first to use the term Eocky 
Mountains for the range which extends across 
northern Alaska. The British Mountains, 
which he discovered, are described as terminat- 
ing abreast of Point Griffin at the conmience- 
ment of a new range, the Romanzofs. The 
Romanzof Mountains .terminated abreast of 
Flaxman Island. The writer has applied the 
term British Mountains to the portion of the 
Arctic Mountains lying east of the Romanzofs 
and north of the Yukon-Arctic divide. The 
mountains which Franklin discovered from 
Point GriflSn were undoubtedly the higher 
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snow-clad granite mountains about the head- 
waters of Okpilak River. As the mountains 
which end abreast of Flaxman Island belong 
to an entirely separate group, the term Eoman- 
zof is restricted to the higher granitic moun- 
tains between Jago and Hulahula rivers. 

Clarence River has been mapped by the 
Boundary Survey. The name is correctly 
applied on their map to the first river east of 
Demarcation Point. The mud flats with which 
Franklin had so much trouble behind Icy Reef 
are doubtless those at the mouth of Turner 
River. Beaufort Bay, which extends from the 
western end of Icy Reef to Humphreys Point, 
is locally called a lagoon, so the name of Beau- 
fort Lagoon has been adopted on the writer's 
map. 

There is some confusion in the local usage of 
the names which Franklin gave to Points 
Griffin, Martin, and Manning, and to Barter 
Island. Franklin's description and astronomi- 
cal observations and his map are clear as to 
Barter Island and Manning Point, but local 
usage has transferred the name of Barter 
Island to Franklin's Manning Point, which is 
in reality an island. The high banks on the 
north side of this tundra island are the chief 
landmarks for many miles, and the misapplica- 
tion of the name of Barter Island is firmly 
established among the whalers and traders. It 
is thought best to accept this change and to 
transfer the name Manning to the small tundra 
peninsula which lies a few miles to the east. 
The writer has applied a new name, Arey 
Island, to Franklin's original Barter Island. 

On Franklin's map Points Manning and 
Griffin are separated by a shallow bay, which 
might be the same as that at Pokok on the 
writer's map. However, the distance between 
Points Hmnphreys and Martin, on Franklin's 
map, is much too great to correspond to the 
stretch of mainland which fronts the ocean 
west of Humphreys Point on the writer's map. 
The best solution seems to be to apply the 
name Point Griffin to the western end of this 
bank and Point Martin to the general region 
where the coast bends toward the south around 
the delta of Jago River. There is need of such 
a general term, for incoming ships are often 
held up by the ice at this place. 

Camden Bay is shown on Franklin's map 
as extending from Arey Island (his Barter Is- 



land) to Brownlow Point, but the writer has 
restricted the term to the more apparent limits 
of Point Anderson and Konganevik. 

The shoals upon which Franklin grounded^ 
about 12 miles from the eastern side of Cam- 
den Bay and the bay into which he seemed to 
be steering were imdoubtedly the mud flats 
and mouth of Sadlerochit River. In 1912 the 
sand reefs east of that place, on which Frank- 
lin saw natives encamped, were all awash and 
inconspicuous. 

Boulder Island and its neighbor have since 
been cut entirely away. The older natives 
have confirmed their former existence. The 
writer grounded upon shoals near the former 
location of Boulder Island, to which he has 
given the name of Boulder Shoals. 

The outside chain of mountains which 
Franklin observed to terminate abreast of 
Flaxman Island had no conspicuous peak to 
which his term Mount Copleston could be 
applied. There is, however, a peak in the 
Shublik Chain which the writer occupied in 
surveying, and, as it is visible from the place 
where Franklin gave the name, it is possible 
that this is the one he had in view. 

The depth, gradually increasing to 3 fathoms^ 
which Franklin noted on the journey west- 
ward from Flaxman Island, still persists to-. 
day. It is evident that in his course along the 
mainland he saw none of the chain of islands 
which extend for 50 miles west of Flaxman 
Island. Point Thompson, which is indefinitely 
located on the mainland about 8 miles east of 
the island, has been applied to a long spit in 
approximately the same locality. Point Bullen 
is definitely located, from his map, at the. east 
side of the writer's Mikkelsen Bay. 

The island which lies about 3 miles from 
shore beyond Point Bullen and is connected 
with the mainland by a reef is located by the 
description and its position on his map^ 
although the shape shown on the map is far 
from accurate. The shoal upon which the Lion 
grounded may have been either the mud flats of 
the Shaviovik or the shoal which extends some 
distance from the northeast point of the island. 

The native name for this island is Tigvariak. 
As Franklin's original name. Lion and Re- 
liance Reef, is misleading, it seems best to 
adopt the native name. The name Lion has 
been misapplied on the charts ; on some it 
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fers evidently to Tigvariak Island, near the 
mainland, and on others to the chain of islands 
lying several miles to the north. The writer 
has entered Franklin's names on the northeast 
and northwest points of the island at Point 
Lion and Point Reliance. Foggy Island is 
easily identified from the description and the 
map, and also Anxiety Point. 

There has been much diflSculty in adjusting 
Franklin's names west of Anxiety Point. He 
was far from land and often in fog. His posi- 
tion for Return Reef is evidently more than 
10' of longitude too far west, and in adjusting 
his map to this erroneous position h© has in- 
creased all the distances between Foggy Island 
and Return Reef. Point Chandos is located 
tentatively as the western side of the delta of 
the Sagavanirktok, and Return Reef at the 
writer's Egg Island, but all the names between 
those points are in confusion. The writer's 
solution has" been to drop Yarborough Inlet 
and Point Chandos, for no inlet exists, unless 
it is the western mouth of the river. Heald 
Point is then located at the western side of 
the delta. Prudhoe Bay lies west of this point. 
At Return Reef Franklin saw a large bay to 
the west, beyond which lay a point and a 
distant mound. From Egg Island such a bay 
and point and mound are visible, though not 
quite as he describes them. The local usage, 
starting with the later explorers, has been to 
apply the term Return Reef to the chain of 
sand islands that fringe this portion of the 
coast. The term Return Islands has been 
adopted for this chain on the writer's map. 
Point Beechey has been applied to a point be- 
hind the easternmost of the Jones Islands, 
abreast of the mound to which Franklin prob- 
ably gave the name. Point Back is put in an 
approximate position on the unsurveyed shore 
line on the west side of Gwydyr Bay. 

In the charts there are errors in putting 
Beechey Point near the m.outh of the Colville, 
and an entirely new name, Becher Point, near 
Gwydyr Bay. 

Franklin's* observed latitudes seem correct 
within 0° 1', but his longitudes are about 0° 5' 
too far east wherever this observation spot is 
fairly definite. 

It has been impossible to identify his Mounts 
Greenough and Huskisson among the numer- 
ous peaks in the localities where they are 
placed on the map. 



DEASE AND 8I1CP80K. 

Jones Islands are definitely located from the 
description. At present there are six distinct 
tundra blocks, which are connected by sand 
spits into three islands. Point Milne has been 
placed on a conspicuous point on the mainland 
in the approximate position indicated by the 
Dease and Simpson map. Point Berens is also 
easily located. The charts, as mentioned above 
under Franklin, have incorrectly put Beechey 
Point here and have entirely dropped the 
name Point Berens. Local usage has adopted 
the native name — Oliktok — for this point, and 
the writer has followed this usage. 

The name of the adjacent river is spelled 
Colvile in their text but Colville on their map» 
All succeeding maps have adopted the latter 
spelling. The " splendid " Garry River on the 
west side of Harrison Bay, whose banks were 
covered with driftwood brought down by the 
stream, is nothing more than the small estuary 
of a small creek, which is reported to head in 
a lake a few miles from the coast. The Pelly 
Mountains, seen by their men here for the sec- 
ond time, do not exist. The writer camped at 
the mouth of Garry Creek and saw no point at 
which. Point Comfort could be definitely lo- 
cated. Cape Halkett is definitely located at 
the tundra island, now connected with the 
mainland by a spit. Point EUice is approxi- 
mately located from the description, though it 
is now a high bank rather than a point of 
land. Most of the reefs described west of this 
point are now submerged. Pitt Point is located 
from the description as the northernmost point 
of land in this stretch of coast. Dease and 
Simpson's observations place it nearly where it 
has been drawn bv the writer. William Smith 
River proves to be a creek, so inconspicuous 
that the writer has not applied any name to it. 
The considerable lake, which they surmised to 
lie behind Pitt Point, has been found. The 
names Point McLeod and Point McPherson 
have now no reason for existence along th& 
unbroken high bank and have been omitted 
from the writer's map. 

Point Drew is put at the approximate loca- 
tion given by Dease and Simpson, at the bend 
in the high bank. The sharp projecting point 
at Cape Simpson has been cut away, so that 
it is difficult to apply the name at present. 
The writer's usage covers the general locality 
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where the coast beads at the western side of 
Smith Bay. Boat Extreme is omitted by the 
writer. The recorded distances and observed 
position place it where there is at present a 
featureless high bank, within 3 or 4 miles of 
Cape Simpson. The name has not been adopted 
by the people of the country, nor does it ap- 
pear on recent maps. 

Fatigue Bay, McKay Inlet, Point Tangent, 
and Dease Inlet have been identified, but thence 
to Point Barrow their route lay along a portion 
of the mainland which the writer has never 
visited. 

Boat Creek, near Point Drew, has been iden- 
tified, and the probable position of Eskimo 
Island in Harrison Bay. This latter name has 
been extended to cover the two islands. Their 
view of the mouth of the Colvillo must have 
been erroneous, for the writer has never been 
able to see any details of the delta when in 
water less than 2 feet deep. Fawn River is 
approximately located from their description. 
Their observations put it some miles at sea. 
The name has been changed to Fawn Creek. 

It has been impossible to compare more than 
three of their positions, with those of the 
writer. The latitude of Demarcation Point is 
correct within a minute. That at the head of 
Foggy Bay puts them more than 2 miles in- 
land on the map, and that of Fawn River is 
a mile at sea. The only longitude, that of 
Fawn River, is about' 10' too far east. 

It seems certain that neither Franklin nor 
Dease and Simpson saw any of the sand islands 
that extend 50 miles west of FlaXman Island. 

LATER EXPLORERB. 

PuTlen, — Little was added to geographic 
knowledge through Pullen's trip. The water 
close to the mainland behind Jones Islands 
was shoal then, as now. Hooper states that 
they went inside of Lion Island [Tig\^ariak]. 
, Evidently they did not see any of the chain of 
sand islands west of Flaxman Island. 

Moore. — Plover's group, the name originally 
applied to the first four sand islands east of 
Point Barrow, has been extended to cover all 
the chain as far as Tangent Point, and the 
name is changed to Plover Islands. It is prob- 
able that Cooper and Martin islands of Moore 
were close to Tangent Point and that those 
which he discovered on August 1 were west of 



Cooper Island. Later usage, beginning with 
Maguire's map, has put the name Cooper- 
Island at a crescentic island about halfway be- 
tween Tangent Point and Point Barrow. In 
the absence of a definite location the writer has 
adopted this usage. Martin Island has been 
placed at the next island east of Cooper Island, 
although the i[;hart of Moore Harbor puts it 
next to Point Barrow. 

McClvre. — The Jones Island upon which 
McClure landed is either Thetis Island or 
Leavitt Island of the writer's map. If it is 
Thetis Island there, is an error of 16' in his 
longitude, and if Leavitt Island there is an 
error of 1°. The shoals he met off Yarborougfa 
Inlet were undoubtedly the Midways. He was 
thus the discoverer of the long chain of islands 
that extend from the Midways to Flaxman 
Island, and his name has been given by the 
writer to the first group east of Cross Island, as 
those first seen by him have already been 
named the Midways. 

CollinsoTu — Collinson seems to have first 
made the error with respect to Lion Reef that 
has been upon the charts for many years. He 
seems to have observed the outlying chain of 
islands throughout most of their extent. Tliere 
has been a general belief that. Collinson win- 
tered at Collinson Point, for the charts place 
his position well within Camden Bay. His 
own position and description place the ship 
about 4 miles northeast of the east mouth of 
Canning River. It \s difficult to follow his 
October trip to the east. Boulder Island was 
still in existence. The first long low point was 
undoubtedly Konganevik. His party probably 
followed the shore line behind this point and 
camped near the long bank behind C<dlinson 
I*oint. The bay they crossed next morning was 
probably Simpson Cove, and the shingle point 
with 10 huts was probably Collinson Point. A 
number of old huts are there at present. The 
next point, which they reached in two hours 
walking along shore, after passing some cliffs, 
is most probably Point Anderson, but the dis- 
tance seems rather too great for the time they 
spent in walking to it. The mouth of the river 
is probably that of the Sadlerochit. 

The only spot the writer recognizes in their 
inland trip is the area of red clay at the base 
of the mountains. Such an area he has ob- 
served at the head of Katakturuk River. 
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The details of the bottom of Camden Bay, 
^hieh appear upon the charts after Collinson's 
return, were undoubtedly furnished by him, but 
the writer has not been able to find any origi- 
nal map which contains them. 

Lieut. Jago seems to have gone along the 
sand islands west of Flaxman Island. He 
speaks of launching across Lion Reef and pass- 
ing inside of Foggy Island, both of which are 
extremely improbable. He stated also that he 
launched across Anxiety Point and went ashore 
near by and camped, which would be a difficult 
proceeding. 

The reef on which Jago landed and buried 
some gear, about 10 miles west of Point Berens, 
is undoubtedly Thetis Island. 

Magvire. — ^The chain of islands between 
Point Barrow and Tangent Point, which com- 
prised 10 islands in 1852, still contains ap- 
proximately the same number. The narrower 
ones are constantly being cut through and 
joined again, so that from season to season the 
number, changes somewhat. 

In Surg. John Simpson's native map a num- 
ber of names for the coast east of Point Bar- 
row appear for the first time. Niako is a small 
island at Heald Point of the writer's map. 
Shiningrua has not been located. Sherang is 
Flaxman Island; Kogruak, the Canning; Nu- 
waak, Collinson Point ; Sliudtaroshik, the Sad- 
lerochit; Kaktuwing is Barter Island; Siko is 
back of Icy Reef; Pokang is between Points 
Humphreys and Griffin, at Pokok. 

Ray. — On Ray's eastward trip in 1882, he 
found that the Meade emptied into the ocean 
by five mouths, which he phiced on his map at 
the lower end of McKav Inlet. 

Howard. — If Ray's map is accepted as cor- 
rect the Ikpikpuk, which was discovered by 
Howard three or four years later, can not 
empty into Dease Inlet. Very likely Meade 
and Ikpikpuk rivers have a common delta. The 
lower part of Dease Inlet or even Smith Bay 
are more likelv localities than McKav Inlet. 

Stockton. — The. islands which were discov- 
ered between the Colville and Return Reef, 
and which were named Thetis Islands, had al- 
ready been discovered and named Jones Is- 
lands by Dease and Simpson. The name The- 
tis has been transferred to the westernmost 
sand island, about 7 miles northwest of Olik- 



tok. Cross Island has been located by the ex- 
istence of the cross as well as by information 
furnished by the whalers. Stockton's observa- 
tions place it a couple of miles to the south, in 
approximately the same- longitude in which the 
writer has placed it. 

The Midway Islands, according to whaler 
usage, consist of three small islands 5 or 6 
miles west of Cross Island, and the writer has 
followed this usage, for he believes it was the 
original application of the name. The charts 
have also thus used the term. Stockton's state- 
ment that Point Bullen is a part of Lion Reef 
contains two errors; for both are on or near the 
mainland, and Stockton was speaking of the 
chain of sand islands several miles north of ths 
mainland. The report that whale ships have 
entered the lagoon near Pole Island is difficult 
to verify, for there is no agreement on this 
point. It is established, however, that one of 
them — ^the Newport — went into the lagoon 
near this point, but she is reported to have 
come out again at the same place. 

The name Simpson Cove has not become es- 
tablished in local usage, as the term Collin- 
son Point is sufficient to cover this general 
locality. It is an insignificant spot with which 
to honor Simpson's great services, and the 
writer has accordingly omitted the name from 
his map. Dease Inlet is much more impor- 
tant geographically than Simpson Cove, yet 
Simpson was the real soul of the expedition. 
His name has been placed at Simpson Lagoon, 
behind Return Islands and Jones Islands, as 
he was the first white man to traverse this body 
of water. 

Turner. — Firth River, which Turner ex- 
plored, had been discovered and named Moun- 
tain Indian River bv Franklin. The whalers 
call it Herschcl Island River. The charts 
have placed the Firth near the locality where 
the Malcolm is. The Boundary Survey maps 
correctly give the name Firth to the portion 
that cuts the 141st meridian. 

Fwjiston. — ^Turner River first appeared on 
the charts of the United States Coast and Geo- 
detic Survey as a small river flowing into the 
Arctic Ocean at Demarcation Point. The 
writer was unable to find any such stream in 
the locality indicated on the maps, and the 
natives were positive that it did not exist. 
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The map of the Boundary Survey, which cov- 
ers that area, shows only a creek where Turner 
River was supposed to exist. On this account 
the name was at first omitted from the writer's 
map. Finally, when Funston's manuscript 
was found in the files of the Department of 
Agriculture, it became certain that he had dis- 
covered and named the large river which emp- 
ties into the ocean 15 to 20 miles west of De- 
marcation Point. This river, which is called 
Kongakut by the natives, is shown on the 
small-scale map which accompanies this re- 
port (PL III, in pockesjb) . 

MotbK. — ^Marsh's spelling of Eskimo names 
was adopted from Arey's pronunciation, and 
the result is far from accurate. According to 
information furnished by Arey, Marsh went 
up the writer's Marsh Creek, over to Itkil- 
yariak Creek, through Sunset Pass to Sad- 
lerochit River, up this river and over to Cash 
Creek, which flows into the Canning. While 
at winter quarters he went a short distance 
up the East Fork of the Canning — a little 
beyond the writer's farthest camp. .No such 
name as Kuselik [Ooselik] Creek is known to 
the writer. 

Peters and Schroder. — The Itvelik- River of 
Peters and Schrajder is probably a blunder, 
for on a native map among their records it is 
put down correctly. The word is Itkillik, 
meaning " Indian." It was spelled approxi- 
mately this way on earlier maps. The Itkillik, 
from native maps in* the possession of the 
writer, as well as from Stefanssoa's remarks, 
must enter at the head of the Colville delta, 
and not 20 miles above it, as on Peters's map. 
The Colville's east mouth could never have 
been much farther east than now, certainly not 
as far as Gwydyr Bay, where the Kuparuk 
enters. The west mouth of the Colville, which 
flows by the ti^ading site of Nigalik, was not 
discovered. 

Sfefdns-son a)ul Anderson. — In stating that 
no bays existed between Tangent Point and 
Smith Bay, Stefansson is in error. Fatigue 
Bay certainly exists, and there are several in- 
dentations in the shore, one of which, McKay 
Inlet, is so deep that the head can not be seen 
from the sand islands which here fringe the 
coast. In some of his numerous articles in 
Harper's Magazine he speaks of the " mythical 
Gwydyr Bay," which is another error. 



NEW PLACE NA3IES. 

After the original names had been entered on 
the map as accurately as possible it was found 
that many new names were necessary for the 
purpose of geographic description. As far 
as possible the Eskimo names have been ascer- 
tained and used. The brief description in the 
alphabetic list suffices for most of them, but 
a few require more extended remarks. Where 
the original names were shifted or changed, 
the reasons were given under the discussion of 
the literature. 

Westward on the map from the one hundred 
and forty-first meridian, Jago River is the first 
name to require explanation. There seems to 
have been no ancient name for this river. The 
modem native name is " Jags," or as near that 
as the natives can pronounce the English word. 
It is the whaler's nickname for a drunken 
native who first braved the devils that were 
supposed to dwell on the river. As the writer 
desired to place the name of Lieut. Jago, of 
CoUinson's ship, on the map, the slight change 
in spelling was made. Hulahula River also 
seems to have no ancient name. The modern 
name was given within 20 years by a party of 
natives from Herschel Island, who had a big 
dance on the river after the killing of many 
caribou. The word evidently came frqm the 
Kanaka members of the whale-ship crews. 

The islands in the chain west of Flaxman 
Island have been named after ships, chiefly of 
the whaling fleet, to which the writer is in- 
debted for favors, or which have been con- 
spicuous in navigating the region. 

It is difficult for a white man to learn the 
correct pronunciation of an Eskimo name and 
more difficult to arrive at a spelling which is 
fairly representative of the name ascertained. 
This difficulty would exist even if all the na- 
tives pronounced it the same way. At present 
there are several different dialects represented 
on the northern coast, and one may hear a 
place name pronounced in as many different 
ways as there are dialects. The writer has en- 
deavored to ascertain the names used by na- 
tives of the tribes which originally dwelt in 
the locality. 

The information as to native names given 
by the white men who live in the country is 
decidedly unreliable, for neither have they 
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trained ears nor are they interested in the ex- 
actness of their usage. The locative plural 
-case, Oliktone, is used for Oliktok by white 
men who have lived among the natives for 
many years. A very good example of such 
carelessness is shown in Ray's native name for 
the village at Cape Smyth. The name on 
l^iaguire's map was Otkiawing (a corruption 
of the locative case) , yet Ray called it Uglaa- 
mie. Both Stefdnsson and the writer agree 
upon Utkiavik. 

Ray is also responsible for the corruption of 
the suffix puk ("big") in such words as Ik- 
^ikpung. If an Eskimo were asked, "Where 
are we?" he would naturally say, "Ikpik- 
ptmgme" — ^that is, "at Ikpikpuk." 

Most of the Eskimo names used by the writer 
have been discussed with Stef dnsson and Jen- 
ness. We are in substantial agreement 
throughout, except in the use of the letter " r " 
in such syllables as " irk " by Stef ansson. The 
writer is under obligations to- Stefansson for 
calling his attention to faulty pronunciations 
adopted from the white men. 

LIST OF GEOGRAPHIC NAMES. 

The following list of geographic names in- 
cludes names for the north shore of Alaska 
between the 141st meridian and Point Barrow, 
and also names north of the Arctic- Yukon 
divide and east of Colville River. With the 
<3Xceptions here mentioned all the names have 
been traced to their original sources. Admi- 
ralty Bay and Doctor, Ikalue, Pingolee, Rut- 
land, and Whale islands appear on the British 
Admiralty charts published after the return of 
the Arctic Searching expeditions. All these 
names are given to features in the vicinity of 
Toint Barrow, so they probably originated 
^with Maguire. The writer was unable to find 
t;he original source of the name Itkillik. It is 
<5redited to E. L. Bosqui in the "Geographic 
<lictionary of Alaska."^ 

In the following catalogue the names in 

lH)Id - faced type have been entered on the 

^^riter's map. The authority comes next after 

"^he place name, and then the source of the 

^me — whete it has been ascertained. 
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Admiralty; bay. British Admiralty Chart No. 2435. 

Lower part of Dease Inlet. 
Aichillik; river. Lefflngwell. Empties Into the Arctic 

Ocean near the 142d meridian. Spelled AltshUIik 

by Jenness. Meaning uncertain. 

Alaska; island. Lefflngwell. After the schooner 
Alaska, of the Canadian Arctic Expedition. One 
of the Maguire group, west of Flaxman Island. 

Amaudliktok ; island. See Thetis Island. 

Amllrhoen ; point. See Drew. 

Anaktuvuk; plateau. Peters and Schrader. After 
Anaktuvuk River. Upland along the northern 
front of the Arctic Mountains. 

Anaktuvuk; river. Peters and Schrader. A tribu- 
tary of Colville River. Means " defecating place." 
The MTlter's spelling is Anaktovuk. 

Anderson; point Lefflngwell. After Dr. R. M. An- 
derson, of the Canadian Arctic Expedition. At 
the mouth of Sadlerochit River on the east side 
of Camden Bay. 

Anxiety; point. Franklin. A conspicuous point at 
the east end of Howe Island in Sagavanirktok 
delta. 

Arctic; mountain system. Brooks. The range ex- 
tending east and west across Arctic Alaska be- 
tween the Yukon and the Arctic Ocean. 

Arey; island. Lefflngwell. After the prospector, H. T. 
Arey, who lived In the neighborhood several years. 
A long sand island west of Barter Island. Origi- 
nally named Barter Island by Franklin, but local 
usage has changed the name Barter Island to the 
tundra Island to the east. 

Argo; island. Lefflngwell. After the yawl Ar^o. The 
eastern island of the ^Ildways, west of Flaxman 
Island. 

Argo; shoals. Lefflngwell. After the yawl Argo. 
Shonls southeast of Argo Island. 

Attlgaru ; point. Magulre's map. Point on south side 
of Harrison Bay. Not Identified. At-ligga-ru, 
John Simpson. 

Back; point. Franklin. After one of his officers. On 
the west side of Gwydyr Bay. Not located accu- 
rately. 

Barrow; point. Beechey. After Sir John Barrow. 
Northernmost point of Alaska. Eskimo ; Nuwuk, 
"point of land.' 



»i 



Barter; Island. Franklin, lefflngwell. A tundra 
Island near the 144th meridian. This island was 
named Point Manning by Franklin, but local 
usage has changed the name. Franklin's Barter 
Island is called Arey Island on the writer's map. 
Eskimo : Kaktoavlk, " seining place." Stef&nsson 
spells it Kaaktovik. 

Barter ; river. See Sadlerochit. Given by Marsh for 
a river south of Barter Island. Probably the 
same as Sadlerochit River on the writer's map. 

Beaufort ; bay. See Beaufort Lagoon. 
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Beaufort; lagoon. Franklin. After Capt. Francis 
Beaufort, U. N. Lagoon between Icy Reef un<l 
Humphreys Point. Named Beaufort Bay by 
Franklin. 

Becher; point. See Beechey. 

Beechey; mound. Leffingwell. A conspicuous mound 
3 miles inland from Point Beechey. Used in 
triangulation. 

Beechey; point Franklin. On the mainland behind 
Jones Islands. On the charts this locality Is 
called Point Becher, and Point Beechey Is put at 
Oliktok (Point Berens), near tlie Colville. 

Bell ; river. Dease and Simpson's map. On west side 
of Gwydyr Bay. Not located. Dease and Simp- 
son call It Bells River. 

Bellevue; river. Dease and Simpson. Empties into 
Elson Lagoon, within sight of Point Barrow. 
Eskimo name, May or la, on Maguire's map. Not 
located. 

Belvedere; island. Leffingwell. After the whale ship 
Belvedere. One of the Stockton Islands, west of 
Flaxman Island. 

Berens; point. See Oliktok. 

Bernard; harbor. I^effingwell. After Capt. Joe Ber- 
nard, of the schooner Teddy Bear, who wintered 
there in 1909-10. At the northeast corner of 
Barter Island. 

Bertoncini; island. Leffingwell. After Capt. John 
Bertonclni, of the whaling fleet, known as 
" Johnny, the Painter." One of the Jones Islands. 

Black Head. See Black Rock Point. 

Black Rock; point. Dease and Simpson's map; not 
mentioned in their text. On- east side of Dease 
Inlet. Not located. Probably the snme as Black 
Head of British Admiralty Chart No. 593. 

Boat; creek. Dease and Simpson. At Point Drew, 
east side of Smith Bay. 

Boat Extreme; point. See Tulimanik. Dease and 
Simpson. Westernmost locality reached by boats. 
Name not established, and location indefinite. 

Bodflsh; island. LeffingNvell. After Capt. Bodflsh, of 
the whaling fleet. One of the Jones Islands. 

Boulder; island. See Boulder Shoals. 

Boulder; shoals. Franklin, Leffingwell. In Camden 
Bay. The Island named Boulder Island by Frank- 
lin has since been washe<l away, leaving shoals. 

British; mountains. Franklin. A chain of mountains 
near the international boundary, first seen from 
Mount Conybeare. The western limit is against 
the Romanzof Mountains. 

Brewer; point. leffingwell. After C. D. Brower, 
long a resident at Barrow. The northern end of 
Foggy Island. 

Brownlow; point. Franklin. On the mainland 2 
miles east of Flaxman Island. 

Ballen; point. Franklin. On the mainland In longi- 
tude 146° 50'. Eskimo: Shavugavik, "working 
place." 

Cache; creek. Marsh. The second tributary on the 
east side of the Canning. Flows through Iklak- 
paurak Valley. 



Camden; bay. Franklin. After Marquess Camdeiu 
Originally between Barter Island and Point 
Brownlow. Restricted to the area between Point 
Anderson and Konganevik on the writer^s map. 

Cameron ; jjoint. Dease and Simpson*s map; not men- 
tioned in their text. A few miles west of Cape 
Halkett. Location indefinite. 

Canning; river. Franklin. After " the late Mr. Can- 
ning." Empties by two mouths near Flaxman 
Island. The eastern mouth is the original Can- 
ning and the western mouth, the Staines. Es- 
kimo: Kugruak, "old river." Marsh spelled it 
Kooguru. 

Carey; creek. Marsh. Probably after H. T. Arey 
(Ned Arey). Tributary to the Canning. Loca- 
tion unknown. 

Garter; creek. Leffingwell. After the prospector, F. 
G. Carter. Empties into Camden Bay a tew miles 
east of Collinson Point. 

Carter; pass. Marsh. After the prospector, F. G^ 
Carter, who first crossed It. Pass from Marsh 
Fork of the Canning to the east branch of the 
Chandalar. Not located. 

Challenge; entrance. Leffingwell. After the schooner 
Challenge, which is believed to have been the 
first vessel to pass through it. Between the 
Stockton and Maguire groups of islands, west of 
Flaxman Island. 

Challenge; island. Leffingwell. After the schooner 
Challenge. One of the Maguire group, west of 
Flaxman Island. 

Chamberlln; mountain. Leffingwell. After Prof. T. 
C. Chamberlln. A conspicuous jjeak, y.OOO feet 
high, at the headwaters of Sadlerochit River. 

Chandos; point. Franklin. Location doubtful, west 
of Anxiety Point 

Charles; point. Dease and Simpson. On the main- 
land of Elson Lagoon, west of Point Christie. 
Not located. 

Chipp; river. Howard. After Lieut. Chipp, of the 
Jeantiette expedition. Heads near the Colville 
and enters the ocean between Dease Inlet and 
Smith Bay. Eskimo: Ikplkpuk, "big bank." 
Ray and others erroneously spell It Ikpikpung. 
a corruption of the locative case, Ikpikpungme^ 
"at Ikplkpuk." 

Christie; i>oint. Dease and Simpson. After Chief 
Factor Christie, of the Hudson's Bay C/O. The 
northwest point of Dease Inlet Not located. 
Maguire's map gives Toolavia as the Eskimo 
name. 

Clarence; river. Franklin. After His Royal High- 
ness the Lord High Admiral. Alaska and Yukon, 
Canada, debouching near Demarcation Point. 

Coblura; point Magulre's chart. A projection on 
the south side of the spit running eastward from 
Point Barrow, near Plover Point 

Collinson; point Stockton. After Capt Richard 
Collinson. R. N. A sand spit in Camden Bay, 
Collinson did not winter here, as is often stated^ 
Eskimo : Nuwuak, " influenza **(?)• 
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Colvllle; river. Dease and Simpson. After Andrew 
ColviUe, of the Hudson's Bay Ck). Enters the 
Arctic Ocean near the 150th meridian. Spelled 
Ck)lville on Dease and Simpson's map and ail 
succeeding ones. The Eslcimo name for the 
Jower river is Kupik, " big river." Schrader and 
Peters spell it Gubilc The headwaters ar§ 
called Kangianilc. The approximate meaning is 
"headwaters." 

Comfort; point. Dease and Simpson. West side of 
Harrison Bay. There is no conspicuous point at 
the locality described. Not located. 

Cooper; island. Moore. After one of his officers. 
One of the Plover Islands. Location indefinite. 
Esldmo : Igluralc, " small iglu." Stef&nsson spells 
it Iglorak. 

Copleston; mountain. Franklin. After Dr. Oople- 
ston, provost of Oriel College. Applied to west- 
em extremity of the chain of mountains which 
ends abreast of Flaxman Island. Located by the 
writer at the west end of Shubllk Mountains. 

Cottle; island. Lefflngwell. After Capt. Steven Cot- 
tle, of the whaling fleet. The easternmost of the 
Jones Islands. 

Crescent; island. On Maguire's chart of Point Bar- 
row and Port Moore. Second Island east of 
Point Barrow. Name not established by local 
usage. 

Cross; island. Stockton. An isolated sand island 
about 10 miles north of Anxiety Point. 

Davidson Mountains. Turner. The Arctic Mountains 
at the Arctic-Yukon divide along the 141st merid- 
ian. Not located. See Endicott. 

Deadmau; Island. See Doctor Island. 

Dease; inlet. Dease and Simpson. After Peter War- 
ren Dease, of the Hudson's Bay Co. South- 
west of Tangept Point at the eastern end of 
Elson Lagoon. Eskimo name (Maguire's map), 
Kllulea. 

Demarcation; bay. International Boundary Com- 
mission, 1912. Bohind Demarcation Point near 
the 141st meridian. 

Demarcation; point. Franklin. Near longitude 141**, 
the boundary between Canada and Alaska. 

Doctor; island. The first sand Island east of Point 
Barrow. On the east side of Moore Channel. 
The same as Martin Island on Maguire's chart. 
Known as Deadman Island among the residents 
at Barrow. Calleil Doctor's Island on British 
Admiralty Chart No. 2435. 

Drew; point. Dease and Simpson. After Richard 
Drew, E^., of the Hudson's Bay Co. On the east 
side of Smith Bay. On Maguire's map the Eskimo 
name is given as Amilrhoen. 

Dachess; island. Leffingwell. After the schooner 
Duchess of Bedford, of the Mikkelsen-Leffingwell 
expedition. One of the Maguire group west of 
Flaxman Island. 

I>iick; island. Leffingwell. A small silt island in the 
Saga van! rktok delta west of Foggy Island. 

CSagle; creek. Marsh. Flows through Iklakpuk Val- 
ley into the Canning. 



Egg; Island. LefllngwelL One of the Return Islands. 

Probably Franklin's original Return Reef. 
Elllce ; point. Dease and Simpson. After Right Hon. 

Eklward Elllce. A bend in the coast at a high 

bank west of Cape Halkett 
Elson; bay. See Elson Lagoon. 

Elson; lagoon. Beechey. After Master Thomas El- 
son, R. N., of H. M. S. Blossom., The lagoon ex- 
tending eastward from Point Barrow as far as 
Point Tangent. Named Elson Bay by Beechey. 

Endicott ; mountains. Allen and Schrader. That por- 
tion of the Arctic Range between the 145th and 
154th meridians. 

Endicott ; plateau. Schrader. A plateau out of which 
the Endicott Mountains were supposed to have 
been carved. 

Eskimo; Islands. Dease and Simpson, LeffingwelL 
Originally applied to a single island in Harrison 
Bay, but on the writer's map to two Islands near 
the place where Dease and Simpson put the 
name. 

Esquimaux; Island. See Eskimo Islands. 

Evasha. See Ivlshak. 

Fatigue; bay. Dease and Simpson. Shallow and Ir- 
regular bay east of Point Tangent Name not 
established. The locality Is covered by the name 
Mackay Inlet. 

Fawn; creek. Dease and Simpson. On the east side 
of Gwydyr Bay. Called Fawn River by Dease 
and Simpson. 

Fawn; river. See Fawn Creek. 

Firth ; river. Turner. Flows from Alaska northeast- 
ward through Canada and empties opposite Her- 
schel Island. Name<l Mountain Indian River by 
Franklin, and Herschel Island River by the 
whalers. 

Flaxman; island. Franklin. After the sculptor Flax- 
man. A tundra Island on the 146th meridian. 
Eskimo: Sldrak (?), "fox hole." 

Foggy; Island. Franklin. On the eastern side of 
the Sagavanlrktok delta. 

Foggy Island; bay. Dease and Simpson. Bay be- 
tween Tigvarlak and Foggy Islands. 

Franklin; mountains. Dease and Simpson. Origi- 
nally the chain of mountains west of the Canning 
but used by the writer to Include the part of the 
Arctic Range west of the Romanzof Mountains 
and north of the Yukon-Arctic divide. 

Garry; creek. Dease and Simpson. After Nicholas 
Garry. Empties Into the west side of HarrLson 
Bay. Calle<l Garry River by Dease and Simpson. 

Garry ; river. See Garry Creek. 

Gordon ; point Lefflngwell. After Tom Gordon, long 
a resident at Barrow. A point on the mainland 
5 miles east of Point Bullen. 

Greenough; mountain. Franklin. At eastern end of 
Romanzof Mountains. On his map but not men- 
tioned In text. Not located. 

Griffin; point. Franklin. At the east side of the 
lagoon east of Martin Point. Position doubtful 
from text and map. 
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Gubik; river. See ColvlUe. 

Gull; island. Lefflngwell. A small sand island in 
Prudhoe Bay. 

Gwydjrr; bay. Franklin. Behind Return Islands. 

Halkett; cape. Dease and Simpson. After one of 
the directors of the Hudson's Bay Co. A tundra 
island on the northwest side of Harrison Bay, 
connected to the mainland by a spit Eskimo: 
Ishuk, " end." Stef&nsson spells it Isuk. 

Harrison; bay. Dease and Simpson. After the dep- 
uty governor of the Hudson's Bay CJo. A large 
bay into which the Colville empties. Eastern 
limit at Thetis Island and western at Cape 
Halkett 

Heald; point. Franklin. On the east side of Prud- 
hoe Bay. Called Point Herald in the Philadelphia 
edition, 1828. 

Herschel Island; river. See Firth. 

Hopson; point Lefflngwell. After Fred Hopson, 
long a resident at Barrow. On the mainland 15 
miles west of Flaxman Island. 

Howe; island. Lefflngwell. After Dr. George P. 
Howe, of the Mikkelsen-Lefflngwell expedition. 
A conspicuous silt island In the delta of the 
Sagavanirktok. Anxiety Point is at the eastern 
end of this island. 

Hoola-hoola ; river. See Hulahula. 

Halahala; river. Marsh. River entering the Arctic 
Ocean at the 144th meridian. The name Is of 
Kanaka origin, and was introduced by the 
whalers. The meaning Is " dance." Stefftnsson 
spell's it Oolahoola and Ulahula; Marsh, Hoola- 
hoola. 

Hull; point. Magulre's chart. After Master Thomas 
Hull, R. N., of H. M. S. Plover, On east side of 
Moore Channel, east of Point Barrow. 

Humphreys; point. Franklin. On west side of Beau- 
fort Lagoon. Spelled Humphrys once In text, but 
elsewhere and on his map Humphreys. 

Husklsson; mountain. Franklin. Western extremity 
of British Mountains. After Mr. Husklsson. Not 
located. 

Hyaks; creek. Marsh. A tributary to the Canning. 
Location unknown. 

Ice Stream; point. Dease and Slmpson*s map, not 
mentlone<l In text. In Smith Bay. Not locateil. 

Icy; reef. Franklin. A long sand Island a few miles 
west of Demarcation Point 

Igalik; island. Lefflngwell. The easternmost of the 
Plover Islands. Means "window "(?). Probably 
the same as Ikalue on British Admiralty Chart 
No. 593. 

Iglorak. See Cooper Island. 

Iglurak. See Cooper Island. 

Jgnek; creek. Lefflngwell. The first tributary on the 
east side of the Canning. Means " fire." Jenness 
spells It Ignlk. 

Ignek; valley. Lefflngwell. One of the three struc- 
tural valleys between Canning and Sadlerochlt 
rivers. 

Ikalue Island. See Igalik. 



Iktakpaurak; valley. Lefflngwell. One of the three 
structural valleys between Canning and Sadle- 
rochlt rivers. Means " small valley." 

Ddakpuk; valley. Lefflngwell. One of the three struc- 
tural valleys between Canning and Sadlerochlt 
rlvera Means "big valley." 

Iklraaluk. See Moore Channel. 

Ikkeraluk. See Moore Channel. 

Iko. Maguire^s map. Eskimo name for Mackenzie 
Bay (?) in Elson Lagoon. 

Ikpikpuk; river. See Chipp. 

Ikplkpung; river. See Chlpp. 

lUultkuk; islands. See Plover Islands. 

Ishuk ; cape. See Halkett. 

Isuk; point See Halkett. 

Itkillik; river. Credited to E. L. Basqui in "Geo- 
graphic dictionary of Alaska." A large river en- 
tering the Colville from the east at the head of 
the delta. Peters and Schrader spell It Itvellk. 
Means " Indian.** 

Itkilyarlak; creek. Lefflngwell. A tributary to the 
Sadlerochlt Means " Route by which the Itkil- 
lik travel.** Marsh calls it Ooselik. 

Itvelik ; river. See Itkillik. 

Ivishak; river. Marsh.. The chief tributary of the 
Sagavanirktok. Marsh spells it Evasha. Means 
"red earth" (hematite?). 

Jago; river. Lefflngwell. After Lieut. Jago, of Col- 
llnson's ship. Empties into the Arctic Ocean at 
Martin Point, near the 143d meridian. The Es- 
kimo name is Jags. 

Jeannette; island. Lefflngwell. After the whale ship 
Jeannettc, One of the McClure group of Islands 
west of Flaxman Island. 

Jones; islands. Dease and Simpson. After Rev. 
David T. Jones. A chain of low tundra Islands 
between Ollktok (Berens Point) and Point 
Beechey. Renamed Thetis Islands by Stockton. 

Kaaktovik. See'']^i\rter Island. 

Kadleroshilik; mound. liCffingwell. A mound rising 
400 feet above sea level about 13 miles inland 
from Foggy Island- Bay. Perhaps means "pos- 
sesses something on top ** or " which seems to 
approach "(?). 

Kadleroshilik^ river. Lefflngwell. After the mound 
of the same name. Enters the ocean at Foggy 
Island Bay. ' 

Kalokut; creek. Lefflngwell. A creek emptying into 
the Arctic Ocean between AichilUk and Turner 
rivers. 

Karluk; Island. Lefflngwell. After the whale ship 
Karluk. One of the McClure group of Islands 
west of Flaxman Island. 

Kotakturuk; river. LeffingwelL Empties into Cam- 
den Bay, Arctic coast. Perhaps means "a nar- 
row place "(?). 

Kilulea. See Dease Inlet. Magaire*s map. Eskimo 
name for Dease Inlet. 

Kogru. Magulre's map. Eskimo name for a stream 
emptying Into the west side of Harrison Bay, 
Arctic coast. 
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Kongakut ; river. See Turner. 

Konganevik; point Lefflngwell. A point on the 
west side of Camden Bay, Arctic coast. Jenness 
spells it Kongangevik. Means " place where there 
is a deer pond." 

KoopowTa; river. See Kupamk, 

Eugruak ; river. See Canning. 

Kuguni ; river. See Canning. 

Kulgurak ; point. See Tangent 

Kupamk; mounds. Lefflngwell. Two mounds near 

the coast on the east side of Kuparuk River. 
Kuparak; river. Marsh. Enters ocean at Gwydyr 

Bay, near 149th meridian. Means " rather large 

river." Marsh spells it Koopowra. 
Kupik; river. See Colvllle River. 
Kupowra ; river. See Kuparuk. 
Leavitt; island. Lefflngwell. After Capt George 

Leavitt, of the whaling fleet. The largest of the 

Jones Islands. Eskimo name, Plngok, *' a mound." 

Uon; point. Franklin, Lefflngwell. After one of 
Franklin's hoats. The northwest point of Tig- 
variak Island. The name originally applied to 
the island. 

Lion and Reliance ; reefs. See Tlgvariak Island. 
Long; island. Lefflngwell. After Capt Long, of the 

whaling fleet. The westernmost of tho Return 

Islands. 

McClare; islands. Lefflngwell. After Capt. Robert 
McClure, R. N. The group of Islands next east 
of Cross Island, in the chain of sand islands ex- 
tending westward from Flaxman Island. 

Mclntyre; point. Lefflngwell. After Samuel Mcln- 
tyre, who worked for the writer for three years. 
On the mainland opposite the east end of the 
Return Islands. 

McPherson; point. Dease and Simpson. Near Point 
Drew, east of Smith Bay. Does not appear on 
their map. Omitted as unnecessary. 

McTavish; point British Admiralty Chart No. 593. 
Southwest part of Dease Inlet. McThvisk on 
Maguire's map. 

McThvisk ; point. See McTavish. 

Mackay; inlet. Dease and Simpson. After one of 
Dease and Simpson*s men. Between Dease Inlet 
and Smith Bay. Given as McKay's Inlet by Dease 
and Simpson. 

Mackenzie; bay. Dease and Simpson. After Chief 
Factor Roderick Mackenzie. On the mainland In 
Elson Lagoon. Not located. Probably the bay 
called Iko on Maguire's map. 

Macleod ; point. Dease and Slmp.son. East of Point 
Drew. Given as Pbint M'l^od by Dease and 
Simpson. Omitted as unnecessary. 

Maghi; point Maguire's map. See Tangent. 

Hagnire; islands. Lefflng^vell. After Commander 
Rochfort Maguire. R. N. The group of sand 
Islands west of Flaxman Island, comprising Chal- 
lenge, Alaska, Duchess, North Star, and No. 3 
islands. 
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Manning; point Franklin. A p^iinsula 2 miles east 
of Barter Island. Name originally applied to 
the island called Barter Island on the writer's 
map. 

Marsh; creek. Lefflngwell. After the prospector S. J. 
Marsh. Empties Into the Arctic Ocean at Col- 
linson Point, in Camden Bay. 

Marsh; fork of Canning River. United States Geo- 
graphic Board. 1906 (U. S. Geol. Survey Bull. 299, 
p. 426). After the prospector S. J. Marsh. The 
left or west fork of Canning River. Called Right 
Fork by Marsh. 

Martin; island. Moore. After one of his offlcers. 
One of the Plover Islands. Original location in- 
definite near Point Tangent. On Maguire's chart 
it is put at Moore Channel. On the writer's map 
It Is put next east of Cooper Island. Eskimo 
name, Shlnlngarok, " he slept." 

Martin; point. Franklin. After Sir Henry Martin. 
Original locality doubtful. On the writer's map 
It Is applied to the bend In the coast line 10 miles 
east of Barter Island. 

Mary Sachs; entrance. Lefflngwell. After the 

schooner Mary Saehs, of the Canadian Arctic Ex- 
pedition, which first passed through the entrance. 

An entrance into the lagoon west of Flaxman 

Island. 
Mary Sachs; island. Lefflngwell. After the schooner 

Mary SacJis^ of the Canadian 'Arctic Expedition. 

First sand island west of Flaxman Island. 
Mayoria; river. See Bellevue. 
Mayoriak; river. Stef&nsson. Empties into Smith 

Bay, Arctic coast Reported outlet of Teshekpuk. 

Not located. 
Michelson; mountain. After Prof. A. A. Mlchelson. 

A glacier-clad peak on the west side of Okpilak 

River. 
Bfidway; Islands. Stockton. A name used by the 

whalers. A group of three sand Islands about 8 

miles north of Prudhoe Bay. 
Miguaklak; river. ^Maguire's map. River at bottom 

of Smith Bay, Arctic coast. Reported outlet of 

Teshekpuk. See Mayoriak. 
Mikkelsen; bay. Lefflngwell. After Capt Ejnar Mlk- 

kelsen. Between Point Bullen and Tlgvariak 

Island. 
Milne; point. Dease and Simpsoa Original location 

indefinite behind Jones I.slands. 
Moore ; channel. Maguire's chart. After Commander 

T. E. L. Moore, R. N. Channel leading into Port 

Moore. Eskimo name on Maguire's chart is 

Ikkeraluk ; on Ray's map, Ikiraaluk, " a worth- 
less provision rack" (?). 
Moore; port. Maguire's chart. After Commander 

T. E. L. Moore. R. N. In Elson Lagoon, 3 miles 

east of Point Barrow. 
Mountain Indian ; river. See Firth. 
Narwhal; island. lefflngwell. After the whale ship 

Narwhal. One of the McClure group of islands, 

west of Flaxman Island. 
Xeruokpuk. See Lake Peters and Lake Schrader. 
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Newport; entrance. Lefflngwell. After the whale 
ship Netcportf which Is reported to have entered 
the lagoon at this place. Entrance to the lagoon 
west of Flaxman Island, between McCIure and 
Stockton groups. 

Newport; island. Lefflngwell. After the whale ship 
Newport, The western island of the Stockton 
group, west of Flaxman Island. 

Nigalik; native trading site in the CJolviUe delta. 
Means "goose." Maguire, Nighali; Simpson, 
Nigalek; Peters and Schrader, Nigaluk; Stef&ns- 
son, Nirlik. 

NighaU. See Nigalik. 

Nigamak. Maguire^s map. On the west side of the 

Ck)lvllle delta. Probably an error for Nigalik. 
Nighali. See Nigalik. 
Nirlik. See Nigalik. 
North Star; island. Leflingwell. After the schooner 

North Star, One of the Maguire group, west of 

Flaxman Island. 

No8. 8, 6, 11, 12, 13, 10, 20; islands. Leffing- 
welL The numbers used in surveying. In the 
chain of sand islands west of Flaxman Island. 

Nunarunga. Maguire^s map. On the east side of 
the CJolviUe delta. 

Nuwuak; point. See Colllnson. 
Nuwuk; point. See Barrow. 

Ocean ; point. Peters and Schrader*s map. Near the 
head of the Colville delta. 

Okerokovik; river. Lefflngwell. A tributary from 
the east to Jago River. Means "place where 
there Is a blubber cache." Jenness spells It 
Ukerukuvlk. 

Okpilak; river. Lefflngwell. Enters the Arctic Ocean 
at the 144th meridian, having a delta in common 
with Hulahula River. Means ** no willows." 

Okpirourak; creek. Lefflngwell. A tributary to Jago 
River from the west. Means " a few willows," 

Ollkto; point. See Ollktok. 

Oliktok; point. Pullen. East of the eastern mouth 
of the Colville. Means " it shakes or trembles." 
Spelled • Ollkto by the early explorers. Nameil' 
Point Berens by Dease and Simpson, but this 
name has not become established. Called Point 
Beechey on the charts. 

Oolnhoola ; river. See Hulahula. 

Oosellk; creek. See Itkllyarlak. 

Owens; shoals. Stockton. After Capt. Owen, who 
reported them. Doubtful shoals north of Point 
Barrow. 

Pacific; shoal. Stockton. Reported by Capt. Knowles, 
of the whaler Pacific, Originally . a few miles 
east of Cape Halkett, In Harrison Bay. Used by 
the writer to cover the shoals that extend around 
the upper end of the bay. 

Pelly, mountains. Dease and Simpson. Reported to 
be near the coast west of the Colville. That no 
such mountains exist was first reported by Stock- 
ton. 



Peters; lake. L^togw^l. After W. J. Peters, of the 

United States Geological Survey. One of two 

lakes on the headwaters of Sadlerochlt River. 

Eskimo: Neruokpuk, "big lake." Jenness spells 

it Narivukpuk. 
Plngok, Island. See Leavitt 
Pingolee, island. British Admiralty Chart No. 593. 

One of the Plover Islands. Not identified. 
Pitt; point Dease and Sln^son. The northernmost 

point on the coast between Harrison and Smith 

bays. 

« 

Plover's group. See Plover Islands. 

Plover; islands. Moore. The chain of ^and islands 
between Point Barrow and Point Tangent The 
original name, Plover's group, Included only the 
four westernmost islands. On Magulre's chart 
the native name lUuitkuk is used to designate the 
western islands. This is not an established name 
and is probably incorrect. 

Plover, . point Maguire's chart. After H. M. S. 
Plover. Extreme eastern end of spit running 
eastward from Point Barrow, Arctic coast. Not 
established. 

Pokang. See Pokok bay. 

Pokok; bay. Lefflngwell. Between Points Hum- 
phreys and Grlffln. The name Pokang is given on 
Surg. John Simpson's native map of 1854. 

Pole; island. Whalers. A sand island of the Stock- 
ton group, about 20 miles west of Flaxman Is- 
land. This may not have been the original loca- 
tion, for there is no settled usage among the 
whalers. 

Poleakun ; point Point Poleakoon on Maguire's map. 
Southeastern shore of Smith Bay, Arctic coast. 
Not located. 

Pradhoe; bay. Franklin. West of the mouth of 
Sagavanirktok River. Probably this bay Includes 
. Yarborough Inlet. 

Pradhoe; mound. Lefflngwell. A small mound at 
the bottom of Prudhoe Bay, use<l In triangiilatlon. 

Red; hill. Lefflngwell. At the west end of Sadlero- 
chlt Mountains. 

Reindeer; island. Lefflngwell. After the whale ship 
Reindeer, which was wrecked in the vicinity. 
The westernmost of the Midway Islands west of 
Flaxman Island. 

Reindeer ; lake. Dease and Simpson's map. Not men- 
tioned in text. On west side of Dease Inlet. 
Not located. 

Reliance; point. Franklin, Lefflngwell. After one 
of Franklin's boats. The northeast point of 
Tigvarlak Island. The name originally applied 
to the island. 

Return ; cove. Moore. Northeast side of Dease Inlet. . 
Not located. 

Retnm; islands. Franklin, Lefflngwell. A chain of 
sand islands extending across Gwydyr Bay. The 
original name. Return Reef, was applied to a 
single sand island northeast of Gwydyr Bay, but 
it has been established to cover the whole chain 
of Islands. 
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Betum; monnd. Leffingwell. A conspicuous mound 
used in triangulutlon, about 8 miles inland on 
Kupamk River. 

Return; reef. See Uetiirn Islands. 

Right F>©ck, of Canning River. See Marsh Fork. 

Robinson; mountain. Franklin. After the Right 
Hon. Mr. Robinson. Eastern extremity of British 
Mountains. Not located. 

Rocky; mountain system. Franklin. Mountains ex- 
tending across Arctic Alaska. 

Romanzof; mountains. Franklin. After CJount Ro- 
manzof. Described by Franklin as lofty peaks 
covered with snow, which commence at the west- 
ern termination of the British Mountains abreast 
of Griffin Point and extend to the Canning. Name 
restricted by the writer to the higher area of 
granite mountains around headwaters of Okpilak 
River. • 

Rose ; point Dease and Simpson. Doubtful point in 
Elson Lagoon, not on their map. Not located. 

Ross; bay. Dease and Simpson. On the mainland 
of Elson Lagoon. Not located. 

Rowand; point Dease and Simpson. On the main- 
land of Elson Lagoon. Not located. 

Rutland; island. British Admiralty Chart No. 593. 
One of the Plover Islands. Not Identified. 

Sadlerochit; mountains. Leffingwell. The northern 
front range of the Arctic Mountains between Sad- 
lerochit and Canning rivers. 

Sadlerochit; river. Leffingwell. Empties into the 
Arctic Ocean near longitude 144** 30'. Means 
"the area outside of the mountains" (?). Prob- 
ably the same as Marsh's Barter River. 

Sagavanlrktok; river. Marsh. A large river entering 
the Arctic Ocean between Foggy Island Bay and 
Prudhoe Bay, at longitude 148*. Means " strong 
current." Marsh, Sawanukto; Anderson, Shara- 
vanaktok. The spelling Sagavanlrktok has been 
adopted by the United States Geographic Board. 
The writer perfers Shagavanuktok. 

Saktuina ; Island. Magulre's map. Eskimo name for 
an Island In Harrison Bay. Probably one of 
the Eskimo. Islands. 

SaUsbury; mountain. Leffingwell. After Prof. R. D. 
Salisbury. A conspicuous double snow-clad peak 
a few miles west of Canning River. 

Salt; creek. Dease and Slmp.son*8 map; not men- 
tioned In text. Runs Into a lake back of Point 
Drew. Not located. 

Savaovlk; river. See Shavlovlk. 

Savlovlk; river. Sec Shavlovlk. 

Sawanukto; river. See Sagavanlrktok. 

Schrader; lake. Leffingwell. After F. C. Schrader, 
of the United States Geological Survey. One of 
two lakes on the headwaters of Sadlerochit River. 
Eskimo : Neruokpuk, ** big lake." 

Scott J point. Dease and Simpson. On the west side 
of Mackenzie Bay, Elson Lagoon. Not located. 

Sentinel; hill. Peters and Schroder's map. On Col- 
vllle River, about 50 miles from the Arctic coast. 
Not located. 

Shagavanuktok; river. See Sagavanlrktok. 



Sharavanaktok ; river. See Sagavanlrktok. 
Shavlovlk; mound. Leffingwell. A mound about 80 
feet high, visible fi'om the coast, west of Shavlo- 
vlk River. Used for a trlangulation station. 
Shaviovik; river. Marsh. Enters ocean near longi- 
tude 147* 10'. Means "place where there is 
iron." Marsh and Stefftnsson spell it Savlovlk, 
Shavugavik. See BuUen Point. 
Shiningerok; island. See Martin. 
Shublik; springs. Leffingwell. General locality near 
a large spring on Canning River. Means "a 
spring." Jenness spells it Sublik. ' 
Shublik; mountains. Leffingwell. AH outlying chain 
of mountains, between Canning and Sadlerochit 
rivers. 

Shlrak ; Island. See Flaxman. 

Siko; creek (?). Leffingwell. Surg. John Simpson's 
native map shows Siko Island at this locality. 
A creek or locality behind Icy Reef, where ice re- 
mains the year around. Spelled Slku by Ste- 
f&nsson. 

Slku. See Siko. 

Simpson; cape. Dease and Simpson. After George 
Simpson, governor of the Hudson's Bay Co. 
On the west side of Smith Bay. The original 
sharp projecting point has been cut off by the 
waves so that the exact location is indefinite. 
Used to cover the bend in the coast line on the 
western side of the bay. On Maguire's map the 
Eskimo name Is Wewaleah, which is probably 
incorrect 

Simpson ; cove. Stockton. After Thomas Simpson. 
Behind Collinson Point in Camden Bay. The 
name has not become established and is not 
necessary. 

Simpson; lagoon. Leffingwell. After Thomas Simp- 
son, of the Hudson's Bay Co. Behind Return and 
Jones Islands. 

Sinclair; river. Dease and Simpson. After one of 
their men. Enters ocean between McKay Inlet 
and Smith Bay. Not located. 

Smith; bay. Dease and Simpson. After Chief Fac- 
tor Smith, of the Hud^5on*s Bay Co. The first 
important bay east of Point Barrow. 

Smith; river. Dease and Simpson. An Inconspicu- 
ous creek near Pitt Point 

Spy; islands. Leffingwell. After the schooner fifpy, 
which went Inside of them about 1881. Two or 
three closely connected sand Islands north of 
Ollktok. 

Staines; river. See Canning. 

Stockton; Islands. Leffingwell. After Capt. C. H. 
Stockton, United States Navy. The group of 
sand Islands west of Flaxman Island, comprising 
Ne\vport, Pole, Belvedere, and Nos. 11, 12, and 
13 Islands. 

Storkersen; point. Leffingwell. After Storker Stor- 
kersen. who worked for Mlkkelsen and I^efflng- 
well and later for Stef&nsson. On the mainland 
at the east side of Gwydyr Bay. 

Stump; island. liCffingwell. The easternmost of the 
Return Islands. 



100 



THE CANNING MVEB REGION, NORTHERN ALASKA. 



Sunset; pass. Marsh. Pass through the east end of 
Sadlerochit Mountains at the head of Itkilyariak 
Creek, leading to Sadlerochit River. 

Sweeney; point Leffingwell. After Dan Sweeney, 
who worked for the writer. Oh the mainland 
10 miles west of Flaxman Island. 

Tamajariak; creek. Leffingwell. A tributary which 
enters the Canning from the east, near the coast. 
Means " route where some people were lost." 

Tani^ent; point Dease and Simpson. At the eastern 
end of Elson Lagoon. Northeast of Dease Inlet. 
Maguire gives Maghi for the Eskimo name and 
Surg. John Simpson (native map), Kul-gu-rak. 

Tapkalnk; islands. Leffingwell. Eskimo name for 
several nearly connecteil islands west of Cooper 
Island in the Plover group. 

Tasekpuk; lake. See Teshekpuk. 

Tasirkpuk. See Teshekpuk. 

Tasokpoh. See Teshepuk. 

Teshekpuk; lake. Maguire*s map. A large lake be- 
hind Pitt Point, on the Arctic coast Means " big 
inclosed coastal waters" or "big coastal lake." 
Stef&nsson spells it Tasirkpuk. It has other 
spellings. 

Thetis; Islands. See Jones. 

Thetis; island. Leffingwell. After the U. S. S. Thetis. 
A large sand island about 7 miles northwest of 
Oliktok. Eskimo name, "Amaudliktok," perhaps 
the " Pacific eider." The whalers call this " West 
Thetis Island." 

Thetis; mound. Leffingwell. A mound 3 miles south- 
east of Oliktok, used in triangnlation. 

Thomson; point Franklin. On a sand spit about 5 
miles west of Flaxman Island. Original loca- 
tion doubtful. Given "Thomson" in text and 
** Thompson " on map. 

Tigrariak; island. Leffingwell. A conspicuous tun- 
dra island at the mouth of Shaviovlk River. 
Originally called Lion and Reliance* Reef by 
Franklin. Means " route by which they went 
over," or "portage." 

Tomasagnu (?) river. British Admiralty Chart No. 
593. On the east side of Dease Inlet Not 
located. 

Toolavia ; point. See Christie. 

Toolemlna. See Tulimanlk. 

Tnlimanik. Maguire*s map. East end of chain of 
sand islands running from Point Tangent across 
Mackay Inlet. Given on Magnlre's map for Boat 
Extreme and spelled Toolemlna. Spelled Tulli- 
manirk by Stefftnsson. 

Turner; river. Funston. After J. H. Turner, of the 
United States Coast and Geodetic Survey. Emp- 
ties into the Arctic Ocean behind Icy Reef, west 
of Demarcation Point. Eskimo: Kongakut, ap- 
proximately "deer pond." 

Tutkiya. Maguire's map. West side of Colville Delta. 

Ulahula ; river. See Hulahula. 

Weller; mountain. Leffingwell. After Prof. Stuart 
Weller. A peak near the east end of Sadlerochit 
Mountains. 



Wewaleah. See Cape Simpson. 

Whale; island. British Admiralty Chart No. 593. A 
sand island in the Plover group. Not identified. 

Wright; point. Maguire's map. East side of Dease 
Inlet Not located. 

Yarborough ; inlet. Franklin. East of Return Island. 
It has been necessary to omit either Yarborough 
Inlet or Prudhoe Bay. As there is a bay and 
not an inlet, the name Yarborough Inlet has been 
dropped. 

GENERAL GEOLOGY. 
OEOLOOIC WORK IN THE CAKNINO &IVE& BEOION. 

The writer's aim was to work out a complete 
section of the formations on the north side of 
the Arctic- Yukon divide, arid, so far as possi- 
ble, to decipher the geologic history rather 
than to map out the different rock formations. 
Consequently the time in the field was spent in 
searching for fossils and contacts rather than 
in tracing the boundaries of formations. 

Fossils were locally abundant, and a great 
number might have been obtained, but on ac- 
count of the difficulty of transporting them to 
the coast by packing them on the back, or by 
dogs, only a few were brought out. One large 
brachiopod, considered to be Productus gigan- 
teu8^ 6 by 4 by 3 inches in size, was reluctantly 
left behind, on account of its weight, after 
smaller forms of the same species were found. 

The faunas represented by the collections 
have proved to be more similar to those of the 
European section than to those of the United 
States, so that to the paleontologists of the 
United States Geological Survey they are un- 
familiar forms, especially the Mesozoic fos- 
sils. Even some of the genera are in doubt. 
The Arctic Alaskan Carboniferous faunas 
seem to be allied with European faunas like 
those of the Productus gigarUeus zone, the 
Sckwagerina zone, and the Artinskian. The 
Triassic faunas have representatives in other 
areas of Alaska which have been already stud- 
ied, but the Jurassic faunas are almost un- 
known on this continent. 

Prior to the field work in the Canning River 
region other geologists had studied sections in 
the Arctic Mountains, and the writer had the 
advantage of their publications. At Cape Lis- 
burne, at the west end of this belt of moun- 
tains, some fossils were collected by the early 
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explorers,* but Mftddren * in 1900 was the first 
to obtain accurate knowledge of this region. 
The same area was briefly studied by Schrader 
on his homeward journey from his trip down 
the Colville in 1901. Collier" studied the Cape 
Lisburne region in detail in 1904. Kindle* a 
few years later investigated the section at Cape 
Thompson, about 50 miles south of Cape Lis- 
burne. 

In 1901 Schrader * crossed the Arctic Moun- 
tains from the Yukon side and descended the 
Colville to the Arctic Ocean, thus making a 
complete section along the 152d meridian. 

Although the south side of the Arctic Moun- 
tains has been investigated at several places, the 
report by Smith • on his work in the Noatak- 
Kobuk region in 1910 and 1911 is the only one 
that is frequently cited in the descriptions of 
the formations of the Canning River region. 
In 1901-2 the prospector S. J. Marsh ^ crossed 
the Arctic Mountains from the Arctic Ocean to 
the Yukon, and made some notes on the geol- 
ogy, which were sent to the United States Geo- 
logical Survey. 

During the period of the writer's investiga- 
tions on the Canning River region, Maddren 
was working on the international boundary 
along the 141st meridian. A preliminary 
paper was published immediately after Mad- 
dren's return,® but most of the infonnation 
embodied in this report has been received in 
conversation with him. During the season 
of 19ia-14 the Canadian Arctic Expedition 
wintered at CoUinson Point, on the north coast 
of Alaska, in the area considered in this report. 
The geologist of the expedition, John J. O'Neill, 
made a winter trip up Sadlerochit River. At 
one place he found a good exposure of Triassic 
rocks, including portions of the section not 
found by the writer. Mr. O'Neill kindly 

1 Collier, A. J., Geology and coal resourcea of the Cape 
Lisburne region, Alaska : U. S. Geol. Survey Bull. 278, p. 6, 
1906. 

> Schrader, F. C, A reconnaissance in northern Alaslca in 
1901 : U. S. Geol. Survey Prof. Paper 20, pp. 66-67, 1904. 

» Op. cit. 

* Kindle, E. M., The section at Cape Thompson : Am. Jour. 
Bel., 4th ser., vol. 28, pp. 520-628, 1900. 

» op. clt. 

•Smith, P. S., The Noatak-Kobuk region, Alaska: U. S. 
Geol. Survey Bull. 536. 1013. 

* Brooks, A. H., The geography and geology of Alaska : 
U. S. Geol. Survey Prof. Paper 45, pp. 260-262, 1906. 

* Maddren, A. G., Geological investigations along the 
Canada-Alaska boundary : U. S. Geol. Survey Bull. 520, pp. 
297-314, 1912. 



allows the publication of "his' .discoveries in 
this report. During the spring .of 1914 he 
observed a section on the lower part of Firth 
River, which flows northeastward across the 
international boundary line and empties near 
Herschel Island in Canadian territory. He^ii^us . 
published a brief account of his work, with tk^ • 
remark that the succession of formations 
greatly resembles that in the Canning River 
region.* 

The investigations of the geology of the 
Arctic Mountains and the Arctic slope prov- 
inces have established the sequence of late 
Paleozoic and early .Mesozoic events, but the 
sequence before and after this era still con- 
tains gaps. It is probable that the pre-De- 
vonian history will be made out only after 
painstaking study over the entire area, but the 
post-Lower Jurassic history can be easily de- 
ciphered if only better exposures can be found. 
For this reason it is advisable to plan new 
work in fields where the later rocks are pre- 
sumably exposed rather than to go over the 
known areas a second time more carefully. 
The chief problem to be solved is the time at 
which the rocks in the Arctic Mountains were 
deformed. This deformation has been as- 
sumed to have taken place at the end of the 
Mesozoic era, but recently this time has been 
questioned. The deformation may have taken 
place in Eocene time. 

From the descriptions of Maddren and 
O'Neill, the area near the 141st meridian seems 
to have been much more disturbed than the 
Canning River region, so that a representative 
section of the Arctic Mountains can hardly be 
obtained there. The absence or the meta- 
morphism of the Mesozoic and Tertiary beds 
in this region also makes it unfavorable. From 
reports of natives the area between the 141st 
meridian and Okpilak River is also unfavor- 
able, but a section could probably be studied 
along Turner River. This river is reported 
to have easy passes from the Yukon drainage 
and to have abundant willows for firewood, 
which is unlike the other rivers. 

West of the Canning the coastal plain and 
the Anaktuvuk Plateau grow wider, so that 
the softer post-Paleozoic rocks are probably 
exposed in the river cuts. Sagavanirktok 

» O'Neill. J. J., The Canadian Arctic Expedition : Canada 
Geol. Survey Summary Bept., 1914, pp. 112-115, 1915. 
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Kiver heads agai&st the Yukon drainage, and 
tliou^h the^'as^es are reported to be steep they 
can proln\.bljr be crossed by pack horses. A 
trip .doWn-* the west or Ivishak fork of this 
ri\-er,*tjp the east fork, and over to the Can- 
^'Pknt ^7 ^^ ®^y pass to a creek which is re- 
• 4?orted to come out a short distance above the 
' forks of the Canning would, together with 
the results of the writer's work below the forks 
of the Canning, give sections along two rivers, 
and the parties could return to the Yukon 
without the possibility of being marooned on 
the Arctic coast from lack of transportation. 
Eventually Schrader's section should be re- 
traced along the 152d meridian, especially in 
order to divide his Fickett series into the 
several formations which it seems to contain. 
Another trip which has promise of both geo- 
logic and geographic, interest would be to fol- 
low down the Colville from its headwaters and 
to cross over the reported pass to the head of 
Chipp or Ikpikpuk River and to follow that 
stream down to the Arctic Ocean. The native 
name means '*' big bank," so that good sections 
of the softer rocks may be expected. The loca- 
tion of the mouth of the Ikpikpuk is in doubt, 
and the accurate representation of this fea- 
ture on the map as well as the neighboring 
mouth of Meade River are two important 
objects to be attained by exploration on the 
north coast of Alaska. These rivers empty 
within 50 miles of Point Barrow, whence 
tmnHportation southward may be secured as 
late as the Ist of September. 

.OBOLOOIC KECONNAIBBANCE XAP. 

JTo attempt was made to follow the line 
of contact between the formations, so that 
the area! distribution of the formations could 
mft be accurately plax^ed on the map. Only 
ffiush Uiundaries as could be seen from the 
lioA of traverse or from elevated positions 
4^'jsup\ed in drawing the topography were en- 
tdfirsed in thie notes. There was no base map 
fm which to place tiie distribution of the 
///rmaiioriM. The observations were entered 
0m iU4fifiUiul to(K)(fraphic sheets as they were 
/Irairiif or i^\m^ in not<9l)ookH in the form of 
tikM4itum or in writing. After the typographic 



map had been drawn in the office the geology 
was placed upon it as accurately as possible. 

(See PL II, in pocket.) There is no doubt 
that errors have occurred, especially as some 
of the formations were entered from memory 
or from photographs. 

Although six years were spent in the re- 
gion, very little of this time was spent study- 
ing the rock formations of the mountains. 
Winter trips were unsatisfactory on account 
of the concealment of much of the countrv 
by snow. The summers were devoted chiefly 
to the construction of the large-scale map of 
the coast (Pis. IV and V, in pocket), so that 
very little time was afforded for trips to the 
mountains. The usual plan was to sled an 
outfit to the mountains in May before the 
snow was gone, and then proceed by packing 
the outfit On one of the trips the writer 
was entirely alone, so that the time available 
for geologic studies was short. At all times 
it was necessary for every member of the 
party to carry his share of the outfit, so that 
befween camps much country was passed over 
almost without notice. It was also necessary 
to secure game, for subsistence, so that the 
geologist was more apt to be looking for 
ptarmigan than to be studying the rocks along 
the line of march. The construction of the 
map consumed most of the time available for 
field work, so that on many days geologic work 
was done only on the route between the camp 
and the station occupied. 

On Okpilak River six weeks were spentdur- 
ing one summer. The Hulahula was trav- 
ersed in a brief winter trip. Sadlerochit 
River and Marsh Creek were studied during 
a summer Crip of about five weeks. The Can- 
ning was explored during a trip that lasted 
about seven weeks, and for a month of this 
time the writer had no assistance. Several 
winter trips also were made up the Canning, 
but they added little to the observations se- 
cured during the summer. 

BXrBBIVIBIONS OF THE ROCKS. 

The following table shows the age and gen- 
eral character of the rocks of the Canning 
River region. 
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Geologic formations in the Canning River region of northern 

AUuka. 



Age. 


Formation. 


Lithologic character. 


Recent. 




Sand, silt, and ice. 


• 

Pleistocene and 
Recent. 




Ground ice, gravel 
mounds, sands, 
silts, peat, and 
muck. 




Flaxman forma- 
tion. ^ 


Forei^ glacial de- 
posits confined to 
the coast. 


PlelHtocene. 




Local glacial de- 
posits. 






Coarse gravels and 
boulders distrib- 
uted over the up- 
land. 


Pliocene. 




Blue-gray soft shale 
containing scat- 
tered pebbles. 


Tertiary (?). 




Sandstone on Can- 
ning River and at 
Peard Bay. 


JiiraHHic(?). 


Ignek formation. 


Black shale and sub- 
ordinate sand- 
stone, coal, or red 
beds. 


Lower Juraasic. 


Kinguk Rhale. 


Black shale. 


Upper Triaflsic. 


Shublik forma- 
tion. 


Dark shale, sand- 
stone, and lime- 
stone. 


Pennsylvanian. 


Sadlerochit 
sandstone. 


Light sandstone or 
dark quartzite. 


Missifisippian. 


Lisbnme lime- 
stone. 

/ 


Gray limestone, sub- 
ordinate dark 
limestone, basaltic 
effusives. 


MiBsiasippian or 
Devonian. 




Black shale and 
slate. 


Pre-Carboniferous. 

• 


Neruokpuk 
schist. 


Quartzite schist. 



PALEOZOIC ( ? ) 8EDIMENTART ROCKS. 

NEBirOKPXrK SCHIST (PBE-OARBOHIFEROITS). 

CHARACTEB AND OCCURRENCE. 

The Neruokpuk formation, which consists 
chiefly of quartzite schist, occurs in a belt that 
trends eastward, with increasing width, from 
a point west of the Canning to the Hulahula 
and probably to the Okpilak and beyond. Both 
the upper and lower contacts of the formation 
are believed to be fault contacts. Another 
area of somewhat similar schist was observed 
around the headwaters of Hulahula River. 
Whether or not the two schists are identical is 
not known, but thev will be discussed as one 
formation. They will be called the lower and 
upper belts in the following description. The 
schist is typically developed on three sides of 
Lake Peters, also near the forks of the Can- 
ning. Neruokpuk is the Eskimo name for 
Lakes Peters and Schrader. 

Two representative specimens of the schist 
from the lower belt on the Canning, have been 
described by J. B. Mertie, jr., of the United 
States Geological Survey, who reports as fol- 
lows : 

Rocks of lower belt of the Neruokpuk schist. 

No. L. 24, Canning River. Quartzite mica schist 
Texture: Schistose. Constituents: Quartz, sericlte, 
and a little iron hydroxide. 

No. L. 25, Canning River. Quartzite schist. Tex- 
ture : Schistose. Constituents : Quartz and sericlte. 

The prevailing color is greenish, but areas 
of blue-gray schist were also noted. The for- 
mation is in places massively bedded, and has 
a distinctly sedimentary aspect. On the Can- 
ning the schist commonly approaches quartzite 
in texture. Pebbles as large as an eighth of 
an inch in diameter were observed in it at a 
few places. The aspect on Sadlerochit and 
Hulahula rivers is much the same, but on the 
Okpilak the schist is either lacking or has been 
metamorphosed by the granite. On the Can- 
ning the distance across the schist measured 
at right angles to the planes of schistosity is 
approximately 20,000 feet, but probably this 
does not represent the thickness of the forma- 
tion. Here the width of the schist belt is about 
8 miles. 
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AGE AND COBBELATION. 

As the contacts of the Neruokpuk schist with 
other formations are apparently the result of 
faulting, the relative agejs of the Carbonifer- 
ous rocks and the schist can not be determined 
by their relations at the contacts. The meta- 
morphism of the schists is so much greater 
than that of any other sedimentary rocks that 
there can be no hesitation in calling the Neru- 
okpuk formation pre-Carboniferous. This in- 
formation as to age is all that was obtained in 
the region under study. 

Schists are widely distributed in the Arctic 
Mountains and are noted in the reports of 
nearly every geologist who has investigated 
their geology. Schrader,^ Mcndenhall,* Smith,* 
and Maddren * have all described mica, quartz- 
mica, or graphitic schists on the south side of 
the mountains. Schrader " describes two schist 
belts along the 152d meridian, which, together 
with those found bv Maddren on the 141st 
meridian, form probably the equivalents to the 
east and west of those described above in the 
Canning Eiver region. 

Schrader's Totsen series, composed of mica 
and quartz-mica schists, which locally contains 
graphite and abundant quartz, resembles the 
upper belt of the writer's Neruokpuk schist. 
Schrader's assignment of his Totsen series to 
the Silurian rests upon its supposed relations 
to his Skajit formation, which contained fos- 
sils whose age might be anywhere from Silu- 
rian to Mississippian. Brooks® says that the 
evidence presented as to the age of the Totsen 
might almost equally as well indicate that the 
Totsen underlies the Skajit. 

Schrader's Fickett series also contains 
schists which are stated to be Carboniferous. 
The writer is of the opinion that this " series," 
which contains quartzite, schists, and fos- 

* Schrader, F. C, Preliminary report od a recooDaissance 
along the Chan^lar and Koyukuk rivers, Alaska, in 1800 : 
U. S. Geol. Survey Twenty-first Ann. Rept., pt. 2, pp. 472- 
475, 1000. 

3 Mendenhall, W. C, Reconnaissance from Fort Hamlin to 
Eotzebne Sound, Alaska : T7. 8. Geol. Survey Prof. Paper 10, 
pp. 31-37, 1002. 

• Smith, P. 8., The Noatak-Kobuk region, Alaska : U. 8. 
Geol. Survey Bull. 536, pp. 55-61, 1013. 

* Maddren, A. G., The Koyukuk-Chandalar region, Alaska : 
U. 8. Geol. Survey Bull. 532, pp. 34-47, 1013. 

' Schrader, F. C, Reconnaissance in northern Alaska in 
1901 : U. S. Geol. Survey Prof. Paper 20, pp. 58-60, 67-72, 
1906. 

• Brooks, A. H., The geography and geology of Alaska: 
U. 8. Geol. Survey Prof. Paper 45, p. 215, 1006. 



siliferous limestone, must be divided into sev- 
eral components, and that the Carboniferous 
fossils have no bearing upon the age of the 
schists. 

It is thus seen that no new light as to the 
age of the schist is obtained from the Colville 
region. 

Maddren ^ has found two metamorphic series 
in his section on the 141st meridian in the 
Arctic Mountains. There is a lower phyllite 
schist, which he considers to be pre-Cambrian, 
and an upper quartzite-slate series of probably 
Lower Cambrian age. 

PALEOZOIC SEDIMENTARY ROCKS. 

BLACK SHALE (laSSXBBIPPXAK OB DEVOVIAK). 

CHABACTEB AND OCCUBRENCE. 

This formation, which consists of more than 
1,000 feet of black shales, slates, and possibly 
minor amounts of sandstones, is considered to 
overlie the Neruokpuk schist by fault contact 
It apparently underlies conformably the Lis- 
bume limestone. It was found only upon Can- 
ning and Hulahula rivers and can probably 
best be studied on the Hulahula. The type 
locality is on the east side 'of the Canning, a 
couple of miles within the Franklin Moun- 
tains. 

At this locality on the Canning the forma- 
tion consists of a fine, hard black rock, which 
splits into many slabs about an inch thick. 
There are some beds of black slate which have 
good cleavage and are perhaps suitable for 
roofing slate. There are local gash veins of 
quartz, red and yellow rusty veins, and many 
thin yellow beds apparently stained by limon- 
ite. It is estimated that the thickness of the 
beds exposed at this place is 700 feet. The 
actual contact of the black shales and the over- 
lying limestone was not found. The nearest 
outcrops of each rock are 200 feet apart in 
section, and the dips are conformable. The 
lower contact is against the limestone in def- 
inite fault relatioils. Here the limestones are 
vertical, and the shales dip about 45° S. The 
actual contact was concealed, but outcrops of 
both formations were found within 200 yards 
of one another. 



^ Oral communication. 



106 



THE CANNING BIVEB BEOION, HOBTHBRN ALASKA. 



Two or three miles above thia locality, at 
the blank space oh the geologic map, there is 
a complicated area containing black slates and 
one or more beds of hard, light-gray sand- 
stone. These black rocks seemed to rfee con- 
formably from beneath the limestone in the 
syncline south of the doubtful area, and they 
are on this account thought to belong to the 
black shale. 

A couple of miles above this doubtful lo- 
cality, at the "corner" of the mountains at 
the bend in the river, there is exposed about 20 
feet of the same hard, black shaly rock, with 
wavy cleavage. Busty veins are more numer- 
ous than in the other exposure, and the rock 
weathers to a dirty red, so that its outcrops are 
noticeable from a distance. The beds dip 
steeply northward and are parallel to the over- 
lying limestone, which is exposed only a few 
feet away. The actual contact is concealed by 
talus. The beds rest on the Xeruokpuk schist 
and the contact is at a fault. Exposures of the 
shales and schist are 200 yards apart, but here 
also the contact is concealed. 

On the Hulnhula a black slate is exposed 
in the bluffs along the river about 80 miles 
within the mountains. The mountains abreast 
- of these slates are capped by a heavy bedded 
formation which rises above a talus slope of 
apparently softer rock (PI. XXIV, B, p. 166). 
The upper rock had the appearance of the 
Lisburnc limestone, and the river wash here 
showed coralliferous limestone, which has been 
identified as Lisburnc. The apparent thick- 
ness of the shale exposure is about 1,000 feet. 

STBUCTUBS. 

The black shale is folded and faulted with 
the rest of the Paleozoic rocks, but as it is less 
resistant it has undergone greater alteration 
than the overlying limestones. The shaleshavo 
been locally crumpled and in places have de- 
veloped slaty cleavage. In the first exposure 
described there are many minor plications and 
faults. There were several S-shaped folds less 
than a hundred feet in length, one of the 
smallest of which coujd be spanned with the 
arms. In these small folds the fissility was 
nearly vertical. There were places also where 
small anticlines have pushed up through sev- 
eral beds of apparently softer rocks. 



No fossils were found in the black shale, but 
from its apparent conformity with the overly- 
ing Lisburne it is thought to lie immediately 
below the limestone in the geologic section. 
The Lisburne limestone is shown to be Mis- 
sissippian, so the black shale is placed in the 
basal Mississippian or Upper Devonian from 
the evidence afforded in the Canning Eiver 
region. 

Black shales were found below the Lisburne 
limestone by Collier' at Cape Lisburne, by 
Kindle * at Cape Thompson, and by Maddren 
on the 14l8t meridian. In the first two locali- 
ties at the west end of the Arctic Mountains 
there are coal beds and plant remains which fix 
the age as lower Mississippian. In Maddren's 
section, near the east end of the Arctic Moun- 
tains, there are carbonaceous shales with plant 
remains of undeterminable age. 

The key to the stratigraphy of the Cape Lis- 
burne region is found in Kindle's section 14, at 
Cape Thompson.* His divisions (a) and (b) 
show black slates and gray sandstones under- 
neath (c) , th^ Prodttctus giganteus zone of the 
limestone. The writer's black shale is corre- 
lated with (a) and (b) of Kindle's section. 

In Collier's section there are a thousand feet 
of shales, slates, cherts, and limestones, between 
the Lisburne limestone and the coal-bearing 
shales. As later investigation has shown tliat 
Collier's middle formation contains Triassic 
fossils, it must be removed from the Carbonif- 
erous section. This brings the Carboniferous 
shales next below the Lisburne formation, as 
Kindle found them. 

G. C. Martin, of the United States Geological 
Survey, has reviewed Collier's section, and as 
it is necessary to refer to this revision several 
times the writer quotes at length from Martin's 
manuscript,* as follows: 

Ttie rocks M>utli and southeast of Cape Lisburnc 
were divided b7 Collier' Into three supposed lower 
Carboniferous formations as shown below: 



' Collier, A. J., Oeolog; and coal rcaoiu«ta ot tbe Cap* 
Liiburoe reslcui, Alaaka : U. EL Q«oL Bnira; BnlL 2T8, pp. 
18-3T, 1908. ' 

> Kindly IL IL, Tbe tectlon at Cap* TbampMiB, Aluka : 
Am. Jour. 8cU 4(b mt., roL 88, pp. B30-US, IDOO. 

■ Idem, p. 5SS. 

• Martin. Q. C. TiUaalc Tocka of Ala*a : C ■■ OmL Bar- 
T«r Bull. — (In rrepanit1(>ii) . 

'CoUlat, A. J, oi>, cit., pm 10-«, 
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<1) Llsbome formation, conslstins of mus- 
Blve limestones tnterliedded with white 
cherts, with an estenslve coral aiiil bry- 

ozoan fauna- 3,000+ 

<2) Thinly beddetl shales, slates, cherts, and 
lltnestones, with marine Invertebrate 

fossils 1,000+ 

<3) Thlnlj- bedded black sbules, slates, and 
limestones, with several coal 1)6^= ; con- 
tains fossil plants and possibly iu one 

place marine invertebrates 500+ 

The fossils of the npper and lower formations 
show beyouil doubt that they are of lower Carbon- 
iferous age. Collier considered that the three for- 
mations were In conformable sequence, and as the 
fossils of the middle formation were considered as 
of rather Indeflnlte character, the Carboniferous age 
of the entire sequence was not doubted. 

The fauna at some of the localities referred to the 
middle formation has recently been determined as 
Upper Trlassic' This makes it necessary to recon- 
sider the evidence of the age of this formation and 
Its Btratlgraphic and structural relations to the LIn- 
burne limestone and to the lower coal-bearing forma- 
Uon. 

The " middle formation " has been recognized In 
three or four areas In the Cape Llsburne region. 
Oue of these areas which has yielded most of the 
Trtasiric fossils (lots 4 AC 15, 4 AC IS, 4 AC 21, 4 
AC 81, 4 AW 33, 4 AW 34) Is a belt about 2 miles 
wide, which extends southeastward from a point on 
the coast about 2 miles east of Cape Llsburne. between 
the area of supposed Cretaceous rocks on the north- 
east and an area of the Llsburne limestones on the 
southwest The contact of the " middle formation " 
with the supposed Cretaceous rocks was regarded by 
Collier as probably an overthrust fault. The relation 
bet^veen the "middle formation" and the Llsburne 
limestone Is not so clear, for It Is stated that the 
Llsburne limestone seems to overlie the clierty rocks 
but that " along the poorly exposed contact there Is 
brecctatlon and the evidence of faulting." In view 
of this suggestion of faulting In the recorded field 
<4>aerv8tlon3, together with the testimony of the fos- 
sils to the effect that the .ipparently underlying beits 
are the younger, an overthrust fault along the south' 
western as well an on the northeastern boundary of 
the cherty rocks may reasonohly be assmnpd. 

The same Trlassic fauna has been collected about 
3 miles north of Ciipe I^wls (4 AW 38). from chert 
beds 450 or 500 feet thick. These cherts seem to be 
both overlain and underlain conformably by lime- 
stone. The underlying limestone contains Carbonlfer- 
oos fossils (4 AW 39). 

Chert beds similar to those containing the Trlassic 
tamu, but from which no fossils have been obtained, 
occur mim about a mile south of Cape Lewis. Collier 
says of the " middle formation " of this locality : " It 
■est conformably on the coiil-beoring torma- 




tlon and to be overlain conformably by the massive 
limestone" (Llsburne formation). The notes taken 
by" Chester Washburne at this locality read: "The 
underlying limestone on the rl^ht (In the sketch) Is 
thin-bedded, black, and In places somewhat sandy. It 
contains many brachlopmls and corals, of which col- 
lection 4 AW 35 Is a sample. This limestone is about 
200 feet thick. Above it Is a thin-bedded, varicolored 
chert, mastly black, about 250 feet thick and some- 
what contorteil. Above the chert and probably over- 
lying It conformably is another thln-beilded limestone, 
purer than the first, aud with an esposed thickness In 
the next hill north of [several?] thousond feet The 
biisal 500 feet of this limestone contains considerable 
I nterstrii titled nodular and broken chert, and numer- 
ous fossils (4 AW 30). Above 500 feet from'the base 
chert fragments are comparatively rare." ft Is evi- 
dent that either the chert beds at this locality are not 
Trlassic, or that there Is a fault between the chert 
and the limestone which apparently overlie* It. 

The " middle formation " is also represented on the 
map at a locality 4 miles south of Cape Llsbuma No 
fos.sils have been collected at this locality, nor have 
the local relations been described. 

At the time of writing Maddrea had not 
completed his report upon the 141st meridian. 
In conversation with the writer he has men- 
tioned that carbonaceous shales underlie the 
Lisburne limestone, in probable conformity. 
Plant fragments occur as at Cape Lisburne. 

Schrader does not report any dark Carbon- 
iferous shales in the ColviUe region, but as 
they have been found on each side of that 6eld, 
they are to be expected near the Colville also. 
His Fickett series may include them in its 
large assortment of rocks. His Stuver series,* 
which he nssifnied to the pre-Devonian, has 
some dark slates and shales near the top, which 
may be the equivalent of the black shale. The 
Stuver "series" is believed to be conformably 
below the Lisburne limestone, which was for- 
merly held to be of Devonian age. 

Kindle * mentions some black or dark shales, 
with sandstone and limestone, on Porcupine 
River, The plant remains which are associated 
with these shales are considered to be bssal 
Mississippi an. Brooks and Kindle* describe, 
under the Nation River series, gray clay shales 
with conglomerate and sandstone, on the upper 

' Srhrader. F. C, A rFmnanlniiaiioe In aortlipm Alaika Id 
IBOl : r. S. G™I. Survpj- ITut. I'nrer L'O. iip. 00-01, 1U0«. 

■ Kindle, E, H,. RecoaualSN&nce of Porcaplae Valley : Oeol. 
Bar. AmeHra Bull., vol. 1ft. pp. :l.10-3.'16, 1908. 

• BrcnkB, A. U., aod Kindle, G. M.. Paleozoic and aasocl- 
Bted rocks ot the upper Yukon. Alaska : Oeol. Soc. America 
Bull., vol. 19, pp. 204-297. 1908, 
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Yukon. There are small beds of coal of which 
the flora is considered to be Carboniferous. 
These shales are overlain by a limestone which 
is believed to be upper Carboniferous (Penn- 
sylvanian). Above the limestone there are 
beds of Triassic age a^ in the Canning River 
region. 

LXSBXraHZ LZXEBTONE (mSBISBIPPIAN). 
CHABACTEB AND OCCUBBENCE. 

V 

The principal rock in the northern front of 
the Arctic Moimtains in the Canning River 
region is a light-gray limestone, to which the 
writer gave a local name in his field notes. 
However, as all the sections across these moun- 
tains reveal limestones so similar in lithology 
and fauna to the Lisburne limestone, it seems 
best to adopt that name for them all. The 
name Lisburne was used by Schrader for both 
the Cape Lisburne and the Colville region; 
Smith has adopted it for the Noatak ; and the 
name seems to be applicable in the Canning 
River region also. 

The Lisburne formation, which consists of 
about 3,000 feet of gray limestone, that carries 
subordinate black limestone near the base, over- 
lies the Carboniferous (?) shales in probable 
conformity and underlies the Sadlerochit sand- 
stone in definite conformity. It is the predomi- 
nant rock in the northern part of the Franklin 
Mountains along the Canning, and it forms 
almost the entire bulk of the three outlying 
belts of mountains. 

At the west end of the Sadlerochit Moun- 
tains a belt more than 3 miles wide is exposed. 
The limestone is there light gray, with thin 
beds and nodules of brown and buff chert. 
Cherty fossils, especially crinoid disks, are 
characteristic. There is a brecciated fault zone, 
which is cemented with white quartz. The ex- 
posed thickness is probably over 2,000 feet. 
The upper contact is apparently conformable 
with the Sadlerochit sandstone. The actual 
contact was not found, but the massive gray 
limestone graded with parallel bedding through 
brown sandy limestone and yellow sandy lime- 
stone to yellow sandstone within a distance in 
the section of a hundred feet. The lower con- 
tact was not exposed. 

At the east end of the Sadlerochit Moun- 
tains, along Itkilyariak Creek, the limestone 



belt is about 8 miles wide. The character of 
the rock here is the same as at the western end, 
but there is an interbedded diabase or basalt 
flow. The thickness here exposed may be as 
much as 3,000 feet, but the basal contact was 
not observed. The Sadlerochit formation lies 
apparently conformably above the limestone. 

In the Shublik Mountains the limestone belt 
is about 8 miles wide, and the maximum ex- 
posure is perhaps 3,000 feet, but the underlying 
formations are not revealed. On the south 
side of these mountains, at their base, in the 
banks of the stream which flows toward the 
west end of the " Third Range," the gray lime- 
stone was succeeded by a 20-foot interval of 
talus, and then came hard dark quartzite in 
beds parallel to those of the limestone. The 
fossils collected at this place (locality 19) 
show no faunal break, for the single specimen 
from the limestone may belong equally well to 
either the Lisburne or the Sadlerochit fauna. 
From an outlook near this locality the writer 
observed what he believed to be the actual con- 
tact, unconcealed'by talus. The two formations 
graded together within a few feet. 

Within the Franklin Mountains on the Can- 
ning the lower part of the limestone first comes 
into view. The upper part is still light gray^ 
but there is much more chert of dark color. 
In the rock gorge at the edge of these moun- 
tains beds of chert, whose greatest thickness is 
3 feet, are numerous near the upper contact. 
At the comer of the moimtains, where the 
river bends, there are a few hundred feet of 
beds at the bottom of the Lisburne formation 
in which the limestone is darker, and there are 
one or two heavy beds of black limestone and 
a little black chert. Below this dark limestone 
the black shales are exposed. 

The base of the limestone is exposed in two 
places in this belt, but the overlying sand- 
stone has been removed from the* neighbor- 
hood of each exposure, so that the thickness is 
not easily measured. Here, where the thickness 
is best revealed, an estimate of somewhat over 
3,000 feet was made. 

Seven miles up the Canning from this lower 
belt of limestone, at the forks of the river, 
there is a second belt, which is separated from 
the first belt by the Neruokpuk schist. The 
width of the upper belt is more than 5 miles, 
but its southward termination is beyond the 
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region traversed by the writer. This lime- 
stone is noticeably darker than the outer belts 
and it contains much black chert. Colonies of 
corals are abundant and nearly every large 
talus block has one or more. Clusters as much 
as 2 feet in diameter are common. In the field 
books this limestone was separated by its color 
from the more northern belts, but the fauna 
is apparently the same. 

The lower contact is upon the Neruokpuk 
schist in what is thought to be a zone of fault- 
ing. As the deformation of these mountains 
was brought about by compression in a north- 
south line, the limestone was probably thrust 
higher upon the schist than it formerly stood. 
The evidence from the structure alone may 
indicate that the schist was thrust up bodily 
through the limestone which lies on each side 
of it. 

The Lisbume limestone on the Lake Fork of 
the Sadlerochit is confined to a thin vertical 
belt not more than 1,000 feet wide. It is ex- 
posed on both sides of the Hulahula at the 
north face of the mountains and is under- 
lain at some unknown distance by the green- 
stones described under the heading '' Paleozoic 
and Mesozoic igneous rocks" (p. 125). A sec- 
ond belt of limestone occurs beyond the lower 
schist belt similar to the arrangement on the 
Canning. This limestone was also noticeably 
darker than that seen farther north. The lime- 
stone float in the river bed here has been deter- 
mined by its fossils to be Lisbume. The width 
and thickness of this belt were not noted. 

On Okpilak River the limest'one which over- 
lies the granite occurs in a single plicated 
band only 1,000 feet thick. The rock is crys- 
talline and contains scattered crinoid disks. 
It is so shattered that it breaks up into blocks 
of the size of hand specimens. The lower con- 
tact is against the granite and the upper 
against the crumpled and altered younger 
beds. From native reports the writer judges 
that the Lisbume limestone is not as exten- 
sively developed east of the Okpilak as it is to 
the west. 



mountains. Joints are nearly everywhere 
conspicuous, but as a rule only two planes are 
well developed. 



AGE. 



STBUCTUBE. 



The dominant structure of the Lisburne 
limestone, like that of the Arctic Mountains 
in general, is the result of overturned folding 
or thrust faulting. The strike of the folds 
and faults is parallel with the trend of the 



The age of the Lisbume formation is now 
considered to be early Carboniferous (Missis- 
sippian) instead of Devonian. The fauna is 
more closely allied to the European section 
than to that' of the United States, so that there 
is at present some doubt as to the exact posi- 
tion of the Lisbume in the American section. 
Mr. G. H. Girty, of the United States Geologi- 
cal Survey, who has examined the Carbonifer- 
ous fossils, has made the report that is here 
presented. To the right of each lot number is 
given the writer's locality number. 

Girty's division of the Lisbume into two 
faunal zones is borne out by the stratigraphy. 
All the lots placed in his lower division, 
with one exception, fall within the lower few 
hundred feet of the limestone, where the color 
is dark or black. The exception, lot 7125 (lo- 
cality 29A), was in the gray limestone at a 
horizon which was more than halfway down 
in the formation, Girty states that at the 
type locality, at Cape Lisburne, there is a 
lower Carboniferous (Mississippian) fauna 
and flora which has not come to hand from the 
Canning. It has been shown above that the 
black shale formation is probably the equiva- 
lent of this pre-Lisburne formation. 

For the purpose of following Girty's re- 
marks, the list of Lisburne fossil localities is 
given below. 

Fossil locaJUics in the Lishumc limestone^ Canning 

River, Alaska. 

1 A. Gap between Red Hill and the west end of the 
Sadlerochit Range. Four hummocks of limestone 10 
to 15 feet high beyond the ponds. Thirty to forty 
feet exposed. Abundant fossils. Horizon unknown 
but probably well within the formation. 

1 B. A locality 200 to 300 yards east of 1 A and 
apparently close below, 100 ± feet exposed. Fossils 
scarce. 

5. Cherty limestone outcropping along bluff on 
creek at west base of Sadlerochit Range. Sixty to 
eighty feet exposed. 

5 A. Gray limestone, buff and brown chert, abun- 
dant crinoid stems of brown chert. 

5 B. About 10 feet below A. 

5 C. About 50 feet below A, cherty. 

5 D. Scattered outcrops and loose blocks on surface 
of hiU west of localities 5 A to 5 G. All about the . 
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same horizon, as surface of hill is nearly parallel to 
the dip. About the same horizon as locality 5 A. 
Localities 5 A to 5 D are near the top of the Lisburne 
formation. 

8. Top of northwest spur of the Sadlerochlt Range. 
Much broken chert, corals flattened. Well up toward 
top of limestone. 

12. Top of Mount Copleston and down the north 
side across fault line. 

12 A. Top of the mountain. 

12 B. In talus 50 feet below locality 12 A. 

12 C. Talus halfway down the mountain. 

16. Stream wash from west end of Shubllk Moun- 
tains. Each bag, A, B, and C, from a separate 
boulder. 

23. Gorge at edge of Franklin Mountains. One 
crinoid found among fragments of brachiopods and 
crlnoid stems. Horizon is near top of Lisburne. 

25. On the east side of the river, at the forks, at 
base of mountains. This horizon Is well down toward 
the bottom. Most of the specimens come from talus 
blocks, but a few were in place. Corals are very 

' abundant everywhere, and nothing else was seen but 
a few crlnoid disks. Many colonies are 1 to 2 feet 
in diameter, and nearly every large talus block con- 
tains them. This limestone is somewhat darker than 
that to the north, and has much black chert. It is 
separated from the other localities by an area of 
schist 6 to 7 miles wide. 

26, 27. "CJorner" of the mountains. This locality 
is at the base of the Lisburne limestone. 

26 A. Dark flaky limestone and black chert; speci- 
mens mostly from loose blocks but some in place. 

26 X. At 200 feet above A is a band of black lime- 
stone talus, about 100 feet wide, that contains large 
brachiopods, a few small trilobites, and some coral — 
all from talus, none in place. The dip is steep, and 
the talus is confined to this belt. Above this dark 
area comes 2,000± feet of gray Lisburne limestone. 

27 A. A locality 200 to 300 feet below locality 26 A ; 
a coral in dark limestone ; 20 feet exposed. 

27 B. A band of black chert 1 foot wide in very 
coralliferous black limestone. 

27 C. Rock specimen of black shale formation (be- 
low Lisburne) ; 20 feet exposed. . 

27 D. Specimen of Neruokpuk schist, 200 yards t)e- 
low 27 C. 

29. Creek on east side of the river a mile inside of 
Franklin Mountains. At fault in black shale forma- 
tion. 

29 A. Limestone below the fault contact with black 
shale formation. This horizon is more than halfway 
down in the limestone. 

29 C. Limestone conformably above the black shale 
formation; within a few hundred feet of the base of 
the formation. 

Fossils from lower part of Lisburne limestone^ Can- 
ning River region, Alaska: 

Collection 7137. Ix)cality 25: 
Zaphrentis sp. 

Lithostrotion Junceum small var. 
basal ti forme? 



Lithostrotion irregulare? 
afllne? 

Collection 7137a. Locality 25: 
Lithostrotion Junceum? 

Collection 7137b. Locality possibly 25: 
Zaphrentis sp. 

Lithostrotion aff. L. basaltiforme. 
Fenestella sp. 

Spirifer aff. S. striatus var. attenuatus. 
Collection 7129. Locality 25 or 26: 
Syringopora geniculata? 

Collection 7138. Locality 26 A: 
Zaphrentis aff. Z. ovidos Salter? 
Syringopora geniculata Phillips? 
Lithostrotion Junceum Fleming? 

Junceum small var. 

basajtiforme? 

portlocki ? 

irregulare? 

afllne? 
Fenestella sp. 
Hemitrypa sp. 

Collection 7138a. Locality 26 X : 
Lithostrotion martini? 
Zaphrentis sp. 
Fenestella sp. 
Productus giganteus. 

aff. undatus. 

sp. 
Camarotoechia? sp. 
Spirifer aff. S. striatus var. attenuatus. 

pinguis. 

ovalis. 
Bellerophon sp. 
Phillipsia sp. 

Collection 7125. Locality 29 A: 
Syringopora reticulata? 
Lithostrotion basaltiforme? 

sp. 
Collection 7125a. Locality 29C ? : 
Zaphrentis sp. 
Lithostrotion portlocki ? 
Productus aff. P. giganteus? 
Spirifer aff. S. striatus var. attenuatus. 
Collection 7130. Canning River wash. 
Lithostrotion portlocki? 

Collection 7130a. Hulahula River wash: 
Syringopora geniculata? 

Collection 7130b. No label: 
Syringopora reticulata? 

geniculata. 
Zaphrentis sp. 
Lithostrotion irregulare? 

aranea? 

Fossils from upper part of Lisburne Umesioner 
Canning River region, Alaska, 

Collection 7135. Locality IB : 
Conularia sp. 

Chouetes aff. C. hardrensis 
Productus sp. (cora group). 

semireticulatus? 
Dielasma aff. D. formosum? 
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Splrlfer aff. S. striatus var. attenuatus. 

aff. S. pellensis. 
Cllothyridlna? sp. 
Composita aff. C. trinuclea. 
Eumetria aff. E. vera. 
Myalina sp. 

Collection 7135a. Locality 1-lA?: 
Fenestella sp. 
Katostomella? 2 sp. 
Stenopora? sp. 
Streptorhynchus? sp. 
Dielasma sp. 
Splrlfer aff. S. striatus var. attenuatus. 

aff. S. grandlcostatus? 

sp. 
Splriferlna aff. S. octopUcata. 
Composita? sp. 
Myalina sp. 

Collection 7123. Locality 5A: 
Fejestella sp. 
PoljTwra sp. 
Derby a? sp. 

Chonetes aff. C. hardrensls. 
Productus aff. P. ovatus. 

semlretlculatus. 
Splrlfer aff. S. striatus var. attenuatuh. 
aff. S. pellensis. 
Collection 7123a. Locality 5B : 
Fenestella sp. 
Pustula aff. P. elegans. 
Splrlfer aff. S. striatus var. attenuatus. 

Collection 7131. Locality 5C : 
Fenestella sp. 
Polypora sp. 

Collection 7123b. Locality 5D: 
Fistullpora sp. 
Stenopora sp. 

Uhlpldomella aff. R. michelini. 
Schuchertella? sp. 
Chonetes aff. C. hardrensls. 
Productus semlretlculatus. 
aff. P. sublevfs. 
aff. P. scabriculus. 
sp. 
Strophalosla? sp. 
Uhynchopora sp. 
Dielasma? sp. 
Splrlfer aff. S. striatus var. attenuatus. 

aff. S. dupllclcostus. 
Syrlngothyrls? sp. 
Uetlcularla lineata? 
Streblopteria? sp. 

Collection 7128. Locality 8 : 
Zaphrentis sp. 
Schuchertella? sp. 
Proiluctus semlretlculatus. 
Eumetria aff. E. vera. 

Collection 7126a. I^ocallty 12A?: 
Splrlfer aff. S. striatus var. attenuatus. 

aff. S. dupllclcostus? 
Composita? sp. 
Eumetria aff. B. vera. 

Collection 7124. Locality 12B : 
Derbya? sp. 



Chonetes aff. C. hardrensls. 
Productus semlretlculatus. 
Dielasma sp. 

Collection 7126. Locality 12C: 
Syrlngopora? sp. 
Zaphrentls sp. 
Productus semlretlculatus. 

Collection 7136. locality 16: 
Fenestella sp. 
Dielasma aff. D. hastatum. 
Splrlfer sp. 

Cllothyridlna aff. C. sublamellosa. 
Composita aff. C. trinuclea. 
Avlcullpecten? sp. 
Phillipsia sp. 

Collection 7132. Locality 19E: 
Productus aff. P. sublevls or timanlcus. 

Collection 7127. Locality 23 : 
Crlnold. 

The paleontologic evidence, as I Interpret It, agrees 
closely with your Interpretation of the geology. Two 
or three points, however, Invite comment. There are 
two distinct faunas, corresponding to your two forma- 
tions, the lower a limestone and the upper the Sad- 
lerochlt sandstone, but each formation presents two 
faunal fades. As Is Indicated In your memoranda 
relating to the collection, the lower part of the lime- 
stone consists of dark coral-bearing limestones and 
the upper part of light siliceous limestones. Corre- 
sponding to these Uthologlc differences there Is a 
rather strong difference In faunal fades; the lower 
fauna Is rich In IAtho$trotion, Zaphrentia, Syringo- 
porOf and other corals, whereas the upper fauna con- 
sists largely of brachlopods and bryozoans. In order 
to divide the collections from the limestone In a broad 
way according to these distinctions, I would place In 
the lower fauna lots 7125, 7125a, 7129. 7130, 7130a, 
7130b, 7137, 7137a, 7137b, 7138, and 7138a, and in the 
higher fauna I would place lots 7123, 7123a, 7123b, 
7124, 7126, 7126a, 7127, 7128, 7131, 7132, 7135, 7135a, 
and 7136. 

As to geologic age and correlation you have already, 
I believe, correlated* the limestone with the Llsburne 
limestone. In a general way this Is borne out by the 
paleontologic evidence, except that the evidence does 
not show whether they are exactly equivalent— one 
formation containing no more and no less than the 
other. Your fossils from the limestone seem to me to 
Indicate an upper Mlsslsslpplan age, the difference In 
fades between the upper and lower faunas probably 
not Indicating any Important difference In time. At 
least I am not ready to call the upper fauna Pennsyl- 
vanlan. In this connection I may note that the Lls- 
burne limestone has at its base a fauna and flora, 
Indicating lower Carboniferous (Mlsslsslpplan), and 
that nothing comparable has come to hand from the 
llmestorte In the Canning River region. 

CORRELATION. 

Schrader ^ gave the name Lisbiirne to a light- 
gray limestone, with subordinate shale and 

1 Schrader, F. C, A reconnalsMince in northern Al^Rka in 
1901 : U. S. Geol. Survey Prof. Paper 20, pp. 62-67, 1906. 
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dark limestone, with a thickness of 3,000 feet, 
which occurred on Anaktuvuk River. He cor- 
related it with an apparently identical lime- 
stone at Cape Lisburne. The age was first de- 
termined as -Devonian by Schuchert, but Girty, 
in discussing Collier's report^ upon the Cape 
Lisburne region, placed it in the Mississippian. 

Kindle's sections 14 and 15, at Cape Thomp- 
son, show about 6,000 feet of gray limestone 
underlain by 400 feet of black and buff lime- 
stones.^ The fossils in both members are of 
Mississippian age. Kindle's beds, lie and 14d, 
are correlated with the lower part of the writ- 
er's Lisburne and his beds 15a and 156 with 
the upper part. He states that the beds in- 
cluded in 156 do not contain fossils and may 
continue up into the Pennsylvanian. Possibly 
the upper part of beds 156 may be the equiva- 
lent of the writer's Sadlerochit formation. 

Collier's Carboniferous section at Cape Lis- 
burne has been discussed above by Martin. 
His upper formation is the Lisburne, without 
doubt. The middle formation, after excluding 
the Triassic portion, probably is the equivalent 
of the black shale formation of the Canning 
Biver section. 

Schrader's Fickett series • is called Carbonif- 
erous from the evidence of fossils found in 
the river gravels. At that time the Lisburne 
was thought to be Devonian, and the Fickett 
was separated from it, but as the Lisburne is 
now known to be Carboniferous also there is, 
in the writer's opinion, no reason for separat- 
ing the fossiliferous portion of the Fickett 
from the Lisburne. From Schrader's descrip- 
tion this portion of the Fickett is in no way 
dissimilar from the Lisburne. 

Besides the above-mentioned rocks, Ught-gray and 
dark or black limestones, apparently belonging to this 
nerfen, but not met in place along the route traversed, 
were lighted and studied through the field glass. 
• • • These liiiu^stones. Judging from the resem- 
blance to the specimens found in the stream gravels, 
are the mother rock of the fossils occurring so abun- 
dantly in the streams/ 

In the writer's opinion, this part of the 
Fickett Hhoiild be transferred to the Lisburne. 



iCoUUtr, A. J., G«olog7 and coal ronourcew of the Cape 
lAuhurm* rt^uUm, Alnnkn : t^. H. (3ool. Hurvoy Hull. 278, p. 25, 

mm. 

• Kla41«!, K. M.. The Moctlon at Cape Thompson, Alaska : 
Am. JiHif. H*'l., 4th wr.. vol. l.'H. pp. ni»2-628, 1000. 
•HehrmAfr, K. C, op. cit., pp. 67-72. 
•Irti'WI, p 00. 



Schrader*' has another limestone formation, 
the Ska jit, which consists of about 4,000 feet 
of heavy bedded crystalline limestone and mica 
schist and was assigned to the "Upper Si- 
lurian," from the supposed stratigraphic rela- 
tions and from the evidence of a single shell, 
determined by Schuchert to be of any age 
from "Upper Silurian to Lower Carbonif- 
erous." Schrader puts the Skajit under the 
Totsen (Silurian) schists, but Brooks* states 
that the evidence may equally well be inter- 
preted that the Skajit is over the Totsen. 

In response to a request of P. S. Smith, of 
the United States Geological Survey, for a re- 
determination of the age of the single speci- 
men of the Skajit fauna, E. M. Kindle made 
the following reply : 

The alteration of the rock has so completely de- 
stroyed the original texture of the shell that we have 
no basis for determining the genus or species repre- 
sented by the rather poorly defined outline of a por- 
tion of one valve. ♦ ♦ ♦ I should say that any at- 
tempt to refer the specimen to any one of three or 
four different genera can rank little better than a 
guess. So far as I can see, this specimen affords no 
definite evidence as to whether the rocks involved 
should be referred to the SUurlan, Devonian, or Car- 
boniferous. 

From the evidence advanced by Schrader 
there seems to be no reason for separating the 
limestone of the Skajit from the Lisburne. 
Smith ^ is also of the opinion that the Skajit 
may be a metamorphosed phase of the Lis- 
burne. 

Smith* describes two Carboniferous forma- 
tions from the Noatak-Kobuk. region. They 
have similar faunas but are divided into the 
Noatak sandstone and the Lisburne limestone 
by their lithology. Smith regards the fossil 
evidence as pointing to Mississippian age for 
both of the formations, and says that his Lis- 
burne limestone is the same as that of Schrader. 

Maddren reports orally that on the 141st 
meridian there are two belts of fossiliferous 
limestones of Carboniferous age. His prelimi- 
narv section shows 2,000 feet of limestone with 
shaly beds. This limestone contains fossils 
similar to those of the Lisburne formation. 

"Idem. pp. 66-58. 

• Brooks, A. H., The geography and geology of Alaska : 
U. S. Gcol. Survey Prof. Paper 45. p. 215, 1916. 

» Smith, P. S., The Noatak-Kobnk region, Alaska : tJ. S. 
Geol. Survey Bull. 536. pp. 65-60, 1013. 

«Idem. pp. 6»-78. 



OENEBAJL GEOLOGY. 



113 



Over this limestone there are about a thousand 
feet of beds, consisting of sandstone at the bot- 
tom and thin limestone and limy shales at the 
top. This he calls the Schwagerina zone. Then 
come a thousand feet of light -gray limestone 
with an Artinskian fauna. 

O'Xeill* mentions that black massive lime- 
stone, mostly changed to marble, occurs re- 
peatedly for 8 miles at least on Firth Eiver, 
near the 141st meridian. This limestone is 
probably a metamorphosed phase of the Lis- 
bume. 

SADLEBOOHIT SANDSTONE (PENNSTLV AVIAN). 
CHASACTEB AND OCCURRENCE. 

The Sadlerochit formation, consisting of 
about 300 feet of light sandstone or dark quartz- 
ite, overlies the Lisburne limestone with con- 
formable contact and underlies the Shublik 










mi.ifAM •«:{-•*' • •' 






PiODSB 7. — A typical occurrence of the Sadlerochit sand- 
stone, Ignek Valley. After a photograph. 

formation with unknown contact but with par- 
allel bedding. It occurs chiefly as a blanket 
formation on top of the limestone at the 
southern slopes of the three outlying anticlines. 
Wherever this formation occurs the topog- 
raphy is characteristic. The blanket layer of 
sandstone, which originally covered the whole 
southern slope of the Sadlerochit Mountains, 
has been cut through at short intervals by 
streams, so that the sandstone now occurs in 
'Wedges bounded by cliffs. A characteristic ex- 
posure is shown in figure 7. 

In the Sadlerochit Mountains the forma- 
tion is a light-colored, heavy bedded, fine 
sandstone, which weathers dark brown. Fresh 
surfaces may show wavy reddish lines or 
specks of the same color. At the west end of 

1 0*NeIll, J. J., Canadian Arctic Expedition, 1914 : Canada 
Oeol. Survey Summary Rept., 1914, p. 114, 1915. 
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these mountains the rock is locally yellow or 
even reddish. At the west end of Shublik 
Mountains, the sandstone is much the same as 
it was farther north. There are a few thin 
shaly layers vv^hich contained scanty fossils 
(the middle part of the Sadlerochit mentioned 
below by Girty), and near the top of the for- 
mation, there are a few slightly conglomeratic 
layers. The jock here weathers out into thin 
slabs, and locally it weathers into cobbljestones. 

On the south side of the Shublik Mountains 
the light sandstone has given place to a dark 
quartzite. It there weathers to brownish red. 
The characteristic exposures occur in a series 
of hogbacks along the foot of the mountains 
and the rock does not form a blanket layer 
over the limestone. Small patches of the for- 
mation were seen in the Third Eange at both 
ends, but there did not seem to be much near 
the middle. At the north front of the Frank- 
lin Moimtains, at the rock gorge of the Can- 
ning, there are vertical beds of the Sadlerochit, 
but within these mountains only distant 
glimpses were seen of rocks that are probably 
sandstones infolded in the top of the limestone. 

Near Lake Schrader on Sadlerochit River 
the sandstone or quartzite is so mingled with 
the yoimger beds by the greater deformation 
that the existence of the formation in this area 
was not ascertained. On the Okpilak the Sad- 
lerochit formation was not identified in the 
dark complex above the limestone, but dark 
quartzite float containing Sadlerochit fossils 
was found in the streams flowing from its 
probable position. 

The lower contact has been described as 
conformable with the Lisburne of Mississip- 
pian age. The upper contact was nowhere 
found. At several places on Canning Eiver 
there are Triassic outcrops within a few hun- 
dred feet of the Sadlerochit sandstone, but 
the areas were so disturbed that the relations 
were not clearly made out. At the east end 
of the outside belt of mountains, at Camp 263 
Creek en the southern side, the Carboniferous 
and Mesozoic rocks have a monoclinal struc- 
ture. Here Triassic rocks were found, 300 
feet in section, above the highest Carbonifer- 
ous sandstone beds. The bedding of both for- 
mations was parallel, so that no unconformity 
is indicated. 
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AGS. 

The Sadlerochit sandstone is abundantly fos- 
siliferous only at the lower contact. A few 
pelecypods were fqund in the body of the 
sandstone in only two localities, Mr. Girty's 
report is given below. 

Fossil localities of the Sadlerochit sandstone^ Canning 

River, Alaska. 

• 

7. On tlie top of the ridge forming the southwest 
comer of the Sadlerochit Range near the cliff of Sad- 
lerochit sandstone. This locality is at or near the 
contact between the Sadlerochit and the Llsburne. 

7 A. Dark-brown sandy rock. Abundant white casts 
of fossils were picked up along the shattered outcrop. 
None in place. Thickness 10 feet. 

7B. Yellowish sandstone conformably above 7 A. 
Grades into 7 A, and perhaps the fossils are mixed. 
Only a few feet thick. 

7 C. Fine yellow-gray sandstone, 100 feet thick. 

7D. Nearly the same horizon and 150 feet west 
of 7 A. 

Below 7 A is about 2,000 feet of Lisburne lime- 
stone and above 7 C is 300 feet of Sadlerochit sand- 
stone. 

9 A. Southeast corner of Red Hill, Ignek Creek. 
Gray sandstone. 

11. North side of creek running west from Mount 
CJopleston. 

11 A. Near top of formation. 

11 B. On hillside and about same horizon, 300 yards 
from 11 A. 

14. Shubllk Springs, close to Lisburne contact. 

16. Stream wash from north side of Shubllk Moun- 
tains. 

19. Bluff on stream flowing from the north side of 
Shubllk Mountains toward the west end of the " Third 
Range.*' Inside of hogback at contact with limestone^ 

19 A. Fine dark quartzite, 100 feet thick; no fossils. 

19 B. Shaly bed, 10 feet thick. Fossils at contact 
with 19 C. 

19 C. Hard dark quartzite, CO feet thick. Fossils 
ab8c»nt or rare. 

19 D. RcK?k similar to that of 19 i\ 30 fet*t thick, but 
fossils abundant. 

Talus, 30 feet. 

19 K. Gray Llsburne limestone; crlnold stems and a 
few foKslls. 

19 V (=B?). Shaly IhmIs on opposite side of creek, 
10 feet thick. 

19 X (=(^?). Hard quartzite, fei»t thick. 

19 Y (=C?). A Blialy layer 8 inches wide next to X. 

Fossils fnnn basal part of the Sadlerochit sandstone, 

Canning Rivvr^ Alaska, 

CAtlUn^tUm 71171). liocallty 7 A: 
I'nicliK'tUM aff. I*, aagardl. 
ttff. I*. niexicanuH. 

HplrlfcTt*llu aff. S. Hiiranne. 



Avlcullpecten sp. 

sp. 
Collection 7117. Locality 7 B: 
Productus liginae? 

multlstrlatus? 

cora? 

n. sp. aff. P. tlmanlcus. 
Marglnlfera involuta? 
Camarophorla mutabills? 
Splrlferella aff. S. saranae. 

aff. S. cameratus. 
Martinia? sp. 
Reticularla? n. sp. 
Squamularia perplexa? 
Avlcullpecten (Streblopterla?) sp. 

Collection 7117a. Locality 7 D: 
Zaphrentls sp. 
Orthothetlna sp. 
Productus irginae? 

aagardl ? 

koninckianus? 

aff. P. gruenewaldtl. 

aff. P. horrid us. 

aff. P. timanicus. 

aff. P. inflatus? 

aff. P. mammatus? 
Rhynchopora aff. P. nikltlni. 
Spirlfer aff. S. cameratus. 

lyra? 
Splrlferella aff. S. ^aranae. 
Avlcullpecten sp. 

Collection 7122. Locality 14: 
Streptorhynchus? sp. 
Spirlfer aff. S. rectangulus. 

Collection 7119. Locality 16: 
Streptorhynchus? sp. 
Productus aff. P. mammatus. 
Rhynchopora aff. R. nikltlni. 
Spirlfer aff. S. rectangulus. 

aff. S. marcoul. 
Collection 7118. Locality 19 B: 
Productus sp. 
Camarophorla aff. C. mutabills. 

Collection 7118a. Ix)cality 19 C: 
Productus aff. 1*. timanicus. 

Collection 7118b. Ix)callty 19 D : 
Productus mammatus? 

gruenewaldtl? 

aff. P. timanicus. 
Spirlfer aff. S. rectangulus. 
IMeurotomarla? sp. 
Bellerophon sp. 
Streptorhynchus? sp. 

(^olle<'tlon 7118c. Locality 19 V: 
Cllothyrldlna sp. 

Collection 7132a. Locality 19 Y: 
Spirlfer? sp. 

Collection 7120. locality?: 
Proiluctus aff. P. timanicus. 

aff. P. multistriatus. 

aff. P. mammatus. 

sp. 
Spirlfer sp. 
Avlcullpecten sp. 
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Fo98il8 from middle part of Sadlerochit sandstone. 
Canning River region, Alaska. 

CJollectlon 7133. Locality 9 A: 

BakewelUa? sp. 

Schlzodus? sp. 
Collection 7121a. Locality 11 A?: 

Avlcullpecten? sp. 

Schlzodus? sp. 

BakewelUa? sp. 
Collection 7121. Locality 11 B: 

A few small gastropods • and pelecypods, all undeter- 
mined. 

The collections from the Sadlerochit sandstone 
also show two phases which may be more significant 
than those of the underlying Lisbume limestone. The 
principal fauna of the Sadlerochit is composed of 
brachiopods and is rich in Productus, Spirifer, and 
other forms. A few collections, however, contain 
none of these species but show a pelecypod fades, 
which Is so meager and so ambiguous that I can not 
positively claim It for the Paleozoic at all. This 
fades occurs In lots 7121, 7121a, and 7133. The typi- 
cal Sadlerochit brachlopod fauna Is found in lots 
7117, 7117a, 7117b, 7118, 7118a, 7118b, 7ai8c, 7119, 
7120, 7122, and 7132b, the accuracy of each assign- 
ment depending on the variety and character of the 
fauna. It should be noted that lots 7117, 7117a, and 
7117b, which occupy a stratlgraphlc position Inter- 
mediate between the underlying limestone and the 
typical Sadlerochit, belong paleontologically distinctly 
with the Sadlerochit fauna; also lot. 7132, which is 
referred to the limestone, might very well be Sadle- 
rochit so far as the single Productus in the collection 
affords a clue. ♦ * * 

The Sadlerochit shows a marked faunal change 
from the limestone below. I correlate It with the 
Gschelian zone of the Urallan section of eastern Rus- 
sia. The group of small collections showing a pelec- 
ypod fades that are Included in the Sadlerochit, as 
I have already stated, present a marked contrast 
with the brachlopod fauna to which the preceding 
statements refer. These three faunas are too small 
and too poorly preserved to be significant. 

The typical Sadlerochit fauna occurs at the 
contact with the Lisburne and may run down 
into the Lisburne. With regard to the Ameri- 
can equivalent of the Gschelian, Girty, in a 
report upon Maddren's fossils from the 141st 
meridian, makes the following remarks in a 
letter written more than a year previous to the 
above report upon the writer's fossils: 

The correlations with the Russian section are cred- 
ited to Dr. Olaf Holtedahl, who Is studying the Spltz- 
bergen faunas and has also examined the Russian col- 
lections at St Petersburg. ♦ ♦ ♦ These correla- 
tions with the Russian section differ somewhat from 
those previously made by me and are doubtless more 
accurate. I have called the Artinsklan horizon, which 
correlates with the Nation River formation, Gschelian, 



♦ * * a term which Dr. Holtedahl teUs me is no 
longer used by the Russian geologists. • • • The 
Artinsklan Is by many European geologists included in 
the Permian, but Dr. Holteilahl classes it with the 
Carl)onlferous (our Pennsylvanlan). 

According to Girty's report upon the writer's 
fossils and to his remarks just quoted, the age 
of the Sadlerochit sandstone is Pennsylvanian. 
To which part of the Russian section the fauna 
belongs, whether to the Schwccgerina zone or 
to the Artinskian, the writer is unable to state. 

COSRELATION. 

Kindle ^ at Cape Thompson found " a section 
which passes without structural complications 
from the fossiliferous Carboniferous limestones 
to the top of the highest beds exposed in the 
vicinity." This section, No. 15, contains two 
lithologic divisions — a 'and 6, light-gray lime- 
stone ; <?, d^ e, black shales, limestone, and argil- 
lite. The portion marked d contains Triassic 
fossils, and as c is essentially similar it is also 
put in the Triassic. This leaves 6, 2,000 feet of • 
unfossiliferous limestone, between the Triassic, 
and a, the 3,000 feet of known Lisbume lime- 
stone. Thus at Cape Thompson there is a wide 
interval between the Lisbume limestone and 
the Triassic rocks, in which an equivalent of 
the Sadlerochit formation may occur. 

Neither Collier at Cape Lisbume nor Schra- 
der on the 152d meridian fotmd any rocks 
which can be grouped with the Sadlerochit. 
In Maddren's section on the 141st meridian 
he has 1,000 feet of limestone with Artinskian 
fossils. This is the nearest equivalent to the 
fauna of the Canning River region that has 
been found in the Arctic Mountains. 

In O'Neill's section^ on Firth River there 
are several sandstones and quartzites which 
overlie the limestone. They amount to 400 or 
500 feet in thickness, and though they are lith- 
ologically different from the Sadlerochit they 
may be its equivalent. 

MESOZOIC SEDIMENTARY ROCKS. 
SHUBLIE FORMATION (ITFPER TRIASSIC). 

CHARACTER AND OCCITRRENCE. 

The Shublik formation, which consists of 
about 500 feet of dark limestone, shale, and 
sandstone, overlies the Pennsylvanian Sadle- 

* Kindle, E. M., The section at Cape Thompson : Am. Jour. 
Scl., 4th ser., vol. 28, p. 526. 1909. 
« O'NelU, J. J., op. cit. p. 114. 
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rochit sandstone and underlies the Lower Ju- 
rassic Kingak shale. Neither the upper nor 
the lower contact has been found, but the dip 
of the three formations seems to be the same. 
As a rule the Shublik is easily separated from 
the next older rocks by the abrupt change in 
color from light in the Carboniferous rocks to 
nearly black in the Triassic rocks, but the 
younger Kingak shales are so similar to those 
of the Shublik formation that the detem^ina- 
tion of the dividing line between these forma- 
tions must rest upon paleontologic evidence. 

The Shublik formation as a whole is less re- 
sistant than the Paleozoic rocks and has ap- 
parently been eroded from the elevated parts 
of the country, so that now it is found only 
along the northern front of the Franklin 
Mountains. It occurs chiefly in the outlying 
structural valleys. The type locality is at 
Shublik Island on Canning River, at the south- 
west comer of the Shublik Mountains, where 
. the formation was first discovered. This local- 
ity, however, is not favorable for study, for 
the exposures are complicated and scattered. 
South of the east end of the Sadlerochit Moun- 
tains, where the rocks have a monoclinal struc- 
ture, the relations are much more Bimple. In 
this locality several southward-flowing creeks 
show exposures across the strike. The entire 
section, including the contacts, was not re- 
vealed in the single cut examined, on Camp 
263 Creek, exposures of the Shublik formation 
fairly complete sections could be made out by 
extending the field of study to similar streams 
farther to the west. 

The section on Camp 263 Creek is shown 
below. The thickness was determined by esti- 
mation and by pacing distances along the creek 
bed, which is cut perpendicular to a mono- 
clinal dip of about 20°. 

Triassic tfcction on Camp 263 Creek, 

Feet. 

1. Unexposed, probably soft shales 800 

2. Scattered exposures of dark limestone, some 

shaly beils 80 

3. Unexposed, probably soft rocks 140 

4. Dark calcareous sandstone, conglomer- 

atic ( ?) 30 

5. Unexposed, probably soft rocks 300 

Law 



The lower sandstone member is apparently 
calcareous, and the grains stand out so as to 
be rough to the touch in weathered specimens. 
Darker pebble-like markings are so numerotts 
as to give the rock a mottled appearance. This 
sandstone with its characteristic markings was 
identified in nearly every Triassic locality from 
Okpilak Eiver to the Canning. On the top 
of Eed Hill at the west end of the Sadlerochit 
Mountains this sandstone member outcrops in 
a low roimded ridge that rises perhaps 10 feet 
above the general level, somewhat after the 
manner of a lateral moraine. Here the thick- 
ness could not be ascertained, owing to the 
shattered condition of the rock, but it was esti- 
mated to be less than 30 feet. On Okpilak 
River no sandstone was found in place, but 
talus blocks of dark sandstone with darker 
pebble-like markings undoubtedly belonged to 
this phase of the Shublik. 

The limestone member is very dark, in places 
almost black. The greatest exposed thickness 
was about 100 feet. There are heavy beds 
about a foot thi<ck and shaly beds made up al- 
most entirely of flattened Pseudomonotia or 
HcUdbid shells. Slabs composed of such shells 
have been found in every limestone outcrop 
from Okpilak River to Canning River, and 
also have been brought in by natives from 
Sagavanirktok River, 50 miles west of the Can- 
ning. Another peculiarity of this limestone, 
by which it may be identified in the field, is 
that in nearly every outcrop there are beds 
which contain numerous small brachiopods, 
chiefly Terehratula and lihynchonella^ in the 
form of white or polished black casts. 

The section above the limestone was not ex- 
posed on Camp 263 Creek, but less than 40 
miles to the west, at localities 21 and 22, on 
Ikiokpaurak Creek, a tributary to the Can- 
ning, more than 100 feet of black shale is 
exposed above the limestone. Triassic fos- 
sils were collected from the lower 25 feet of 
these shales, but the upper portion was so 
masked by a disintegrated talus that no search 
was made there. These shales could not be 
separated lithologically from those of the 
Kingak formation, found elsewhere. 

In the only measured section, that on Camp 
263 Creek, but there is every probability that 
were found about 250 feet apart vertically. 
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'wkich is a minimum thickness* The strata 
were not exposed for 800 feet above and 300 
feet below this exposure, so that 1,300 feet is 
the maximum possible thickness. 

Mr. J. J. O'Neill, the geologist with the 
Canadian Arctic Expedition, which wintered 
at CoUinson Point in 1913-14, made a brief 
winter trip up Sadlerochit River. A good sec- 
tion of Mesozoic rocks was found in the gap 
where the river cuts through the east end of 
the third range. The following section was 
furnished by Mr. O'Neill : 

Section near east end of Third Range, Sadlerochit 

River, 

Feet. 

1. Dark-gray sandstone, no conglomerate, abun- 

dant fossils 200 

2. Dark-gray sandstone, with dark pebbles and 

fossils 10 

3. Thin-liedded sandstone, darker than the beds 

above 100 

4. Massive sandstone with basal conglomerate 20 

Unconformity : 

5. Dark shale 100+ 



430 

The feesils and rock specimens from this sec- 
tion were examined by the writer. Without 
doubt they come from the Shublik formation. 
O'Neill seems to have found the lower part of 
the formation, as there are no limestones in his 
section. With allowance for a difference in 
estimation of thickness, his section, which is 
given above, and the writer's are similar. 
O'Neill's No. 1 corresponds to the writer's 
No. 3, No. 2 to No. 4, and Nos. 3, 4, and 5 to 
No. 5. 

The contacts of the Shublik formation with 
the older and younger rocks were not found. 
At Camp 263 Creek there are only 300 feet of 
beds unexposed between the Upper Triassic 
and the Carboniferous, and the dips are con- 
formable. Although there may have been ver- 
tical movements between the two periods there 
could not have been anv notable mountain 
building at the close of the Paleozoic era. The 
nearest Jurassic rocks, 800 feet above the 
Triassic, have a greater dip, yet as the dip in- 
creases progressively within the Jurassic rocks 
no unconformity is indicated between the two 
systems. 



The Shublik formation partakes in the gen- 
eral deformation of the mountains, but as it is 
composed of softer rocks it is locally more 
closely folded than the older formations. 



AGE. 



Only one fossil was found in the lower sand-' 
stone member of the Shublik formation, a 
Cardium (at locality 6), which was not suffi- 
ciently characteristic to determine the horizon. 
In the overlying limestone and shales fossils^ 
are abundant, and they have been gathered 
from many localities of this rather thin formfl^ 
tion, so that a fairly representative collection 
has probably been secured. 

T. W. Stanton has made the following de- 
terminations of the invertebrates. Vertebrate 
remains, consisting of a few pieces of bone, 
probably from a rib, were found at localities 
30 and 115. 

Locality 6. Canning Illver, near top of Red Hill. 
Isolated outcrop of dark sandstone ; 10 feet exposed. 
Cardium? sp. 

Not sufficient to determine horizon. 

l/ocality 13. Canning Klver. Float 
Rhynchonella sp. 
Aviculipecten sp. 
Natica? sp. 

Probably Triassic. 

Locality 15. Canning River. Outcrop across creek 
from camp 150. 
Rhynchonella sp. * 

Probably Triassic. 

Locality 17. Bluff on Canning River, half a mile' 
above camp 152, on north side of Iklakpaurak Creek. 
Large pelecypods, nearly all perpendicular to bedding 

planes. All collected along top of antieflne within 

1 or 2 feet of the same bed. Hard dark limestone^ 

50 feet exposed. 
Rhynchonella sp. 
Terebratula 2 sp. 
Splrlferina sp. 
Pecten sp. 

Lima? sp. (large form; several specimens). 
Avlcula sp. 
Gervlllia sp. 
Nucula? sp. 
Megalodon? sp. 
Pleurotomarla sp. 

Probably Triassic. Tlie brachlopods stiggrjst a 

fauna closely related to the somewhat doubtful 

Triassic fauna collecttHl near the mouth of Nation 

River on the Yukon. 

Ix)callty 18. Canning River. Isolated outcrop of 
limestone at base of hogback 2 miles east of camp 
152, on north side of creek. 
Rhynchonella sp. 
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Halobia sp. of. H. superba Mojsisovics. 
Megalodon? sp. 
Pleurotomaria? sp. 
Triasslc. 

Locality 21. Blufif on Canning River, on south side 
of Ikiukpaurak Valley, a mile above camp 152. Chiefly 
black shales that crumble when handled. Some harder 
layers contained fossils that could be saved. About 
100 feet exposed. Fossils collected from bottom of 
exposure. 
Terebratula sp. 
Spiriferina sp. 

Halobia sp. cf. H. superba Mojsisovics. 
Pseudomonotis sp. 
Triasslc. 

Locality 22. Half a mile east of locality 21, on the 
south side of Canning River. About 85 feet of dark 
limestone overlain by 100 feet of soft black shale. 
The bottom of locality 21 and the top of the limestone 
of locality 22 fall nearly Into line. 

Locality 22 A. Fossils from the top of the limestone. 
Rhynchohella sp. 
Spiriferina? sp. 
Avicullpecten sp. 
Triasslc. 

Locality 22C. Fossils from 1 to 3 feet of black shale, 
30 feet above locality 22A. 
Rhynchonella sp. 

Halobia sp. cf. H. superba Mojsisovics. 
Triasslc 

Talus block at locality 22C. 
Rhynchonella sp. 
Rhynchonella? sp. 
Gryphaea? sp. 

Pseudomonotis subcircularis (Gabb)? 
^ Triasslc. 

Locality 30. Canning River. Cut on Camp 149 
Creek, half a mile above camp. More than 100 feet 
of dark limestone exposed. 
Rhynchonella sp. 
Bone fragments. 

Locality 30A. Top of exposure. 
Halobia sp. cf. H. superba Mojsisovics. 

Locality SOB. Talus below locality 30A. 
Rhynchonella sp. 
Spiriferina sp. 
Grj-phaea? sp. 
Lima sp. 

Halobia sp. cf. H. superba Mojsisovics. 
Pseudomonotis subcircularis Gabb. 
Avicula sp. 
Megalodon? sp. 
Atractites? sp. 

Locality 30G. Bottom of exposure. 
Halobia sp. 

All the collections from locality 30 are Triasslc. 

lAxrallty 115. Sadlerochlt River. Camp 263 Creek, 
near the mountains. 

115B. Dark limestone, 12 feet exposed, about 80 
feet below the probable top of the limestone member 
of the formation. 



Rhynchonella 2 sp. 

Gryphaea? sp. 

Halobia sp. cf. H. superba Mojsisovics. 

Cardlum? sp. 

Undetermined small gastropods. 

Cllonltes? sp. 

Atractites? sp. 

Bone fragment 

Triasslc. 
Hulahula River, Ashing place at etlge of mountains. 
Fossils collected In winter from scattered outcrops 
along the river. 
Rhynchonella sp. 
Spiriferina sp. 
Lima? sp., small fragments. 
Gervlllla? sp., very small specimen. 
Pleurotomaria sp. 
Clionites? sp. 
Atractites? sp. 

Triasslc. 
Shublik Falls, Canning River. Fossils collected 
in winter from scattered outcrops along the river. 
Rhynchonella ep. 
Gryphaea?? sq. 

Probably Triasslc. 
Sagavauirktok River ; slab collected by natives. 
Pseudomonotis subcircularis (Gabb). 

Triasslc. 
Black Island, Canning River, near Shublik Falls. 
Pseudomonotis? sp. 

Probably Triasslc 

CORBELATION. 

Martin has shown in his discussion of Col- 
lier's Cape Lisbume section (see p. 107) that 
both Collier and Kindle found Triassic fossils 
at the west end of the Arctic Mountains. 
Schrader does not seem to have found any 
Triassic rocks on the 152d meridian, but 
Smith* found Triassic float in the Noatak- 
Kobuk region. Maddren^ reports Triassic 
fossils from the international boundary. 
O'Neill' gives a section on Firth River, 
which is not far east of the boundary line, 
in which there are some dark limestones and 
conglomeratic sandstones near the horizon 
where the Triassic should occur. He speaks 
of the resemblance of the section to that in the 
Canning River region, so it is probable that the 
Triassic is represented on the Firth also. 

* Smith, P. S., The Noatak-Kobak region, Alaska : r. S. 
Geol. Survey Bull. 536, pp. 79-80, 1913. 

* Maddren, A. O., Geologic InveBtigations along the Canada- 
Alaska boundary: U. S. Geol. Survey Bull. 520, pp. 18-19, 
1912. 

' O'Neill, J. J., Canadian Arctic Expedition : Canada 
Geol. Survey Summary Kept., 1014, p. 114, 1915. 
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XnrOAS SHALE (LOWEB jmiABSZO). 
CHARACTEB AND OCCURRENCE. 

The Kingak shale, which consists of about 
4,000 feet of black shales, overlies the Shublik 
formation of Triassic age and probably under- 
lies the Ignek formation of Jurassic(?) age. 
It is apparently conformable in bedding with 
the Shublik formation, but nothing is known 
of the upper contact. The formation name is 
confined to the shales which contain the fauna 
that is listed below. The Kingak shale has been 
identified at only one locality, Kingak Cliff, 
near camp 263, at the southeast end of Sadle- 
rochit Mountaina 

Near camp 263 (localities 110, 114) there is 
a great exposure of the Kingak shale in ap- 
parently undisturbed sequence. There are out- 
crops along the creeks on the north side, in 
both banks of Sadlerochit River, and in the 
creeks on the south side. Camp 263 Creek, on 
the north side of the river, reveals a nearly con- 
tinuous exposure of about 1,500 feet of the 
lower part of the formation, followed by a 
break of perhaps 1,000 feet. This break is 
^succeeded by about 600 feet more of beds ex- 
posed in the north bank of the river. Then 
follows an interruption of a few hundred 
yards at the river, but the, formation appears 
again on the south side and can be traced to 
the top of a hill about 1,000 feet high. 

On the north side of the river, where de- 
tailed examination was made, the shales are 
nearly black, thin-bedded, and friable. There 
are many concretions both in spheroidal form 
and in beds half a foot thick. Many of these 
concretions contain pyrite. Fossils are abun- 
dantly distributed throughout this part of the 
formation, but only those from the concretions 
were collected, on account of the difficulty of 
transporting fragile specimens. Ammonites 
are a noticeable element in this fauna. No 
pebbles were found in these shales, in which 
respect they differ from the Ignek shale. 
There was little likelihood that any member of 
hard sandstone would have been unexposed. 

On the south side of the river the shales in 
the river bluffs are black, but on the hillsides 
above they are a dirty green. On th^ top of 
the hill mentioned above the shales are capped 
by a dark harder rock that was considered to 
be the lowest sandstone member of the Ignek 



formation. In the rolling upland basin south 
of the river several outcrops show harder rock 
that also overlies black shales. No red beds 
were seen anywhere in this area. 

The structure here appears to be monoclinal. 
The dip at the bottom was about 30°, and in- 
creases to 50° at the river, but apparently de- 
creases again near the top of the formation. 
The thickness across this section is about 4,000 
feet, but as there are no horizons by which 
faulting could easily be noted, the beds may 
have been duplicated by this agency. 

A small outcrop of black shale was observed 
in winter at a small island called Black Island, 
in Canning River, opposite Mount Copleston. 
A single fossil, which is probably Triassic, 
was found there. The next summer a native 
boy, who had visited the island after the snow 
had disappeared, brought out a slab containing 
crinoid remains, which he had found there. 
The age of this crinoid is Jurassic, abo.ut the 
same as that of the Kingak fauna found at 
camp 263 (locality 114). As this crinoid came 
from some distance west of the west end of the 
plunging anticline which forms Shublik Moun- 
tains, it is in the probable location of the 
Kingak shale. The outcrop is much too far 
vertically above the nearest Sadlerochit strata 
to be Triassic. 



AQE. 



T. W. Stanton has identified the following 
fossils, except the crinoid, which was identified 
by Frank Springer : 

Black Island, in Canning River, opposite Mount 
Copleston. Small exposure of black shales. Speci- 
men collected by native. 
Pentacrinus cf. P. siibangularis Miller. 

Although this material is not sufficient for any ac- 
curate specific determination or description, there is 
enough to show that it clearly belongs to the true 
Pentacrinus ( =Extracrinns Austin of De Lorlol, P. H. 
Carpenter and other authors) of the Lower Jurassic 
of England and continental Europe, and is of the type 
of P. snbang 111 arts Miller, from the Middle Liasslc of 
Lyme-Ilegis, England, and Boll, Holzmaden, and other 
localities in Wurttemberg, Germany. In default of 
more perfect specimens it mtiy be referred to that 
Frpeoles. ♦ ♦ ♦ 

The material from Black Island, Canning River, 
brought in by Mr. I^effingwell ♦ ♦ ♦ Is of great 
interest. It consists of part of a set of arms belonging 
to a very large hidividual in exquisite preservation. 
The matrix and mode of deposition are very similar 
to those of the Pentacriniia beds at Lyme-Regis, and 
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the condition of the specimen indicates that it was 
part of a large colony in which many individuals 
were embedded together. ♦ ♦ ♦ 

So far as I know these remains of Pentacrinus are 
tlie first that have been found in American rocks, with 
the exception of isolated stem joints, and it is in- 
teresting to note that a specimen of the same genus 
and type has recently been found In the Dutch East 
Indies, thus showing the great geographic range of 
this form. 

Locality 110. Bluff on the north side of Sadlerochlt 
River, trending northeast from camp 258. Friable 
black shales, containing concretions of pyrita 
Inoceramus sp. related to I. luclfer Elchwald. 
Harpoceras whlteavesl (White). 
Harpoceras sq. 
•Jurassic. 

Locality 114. Sadlerochlt River. Black shales, con- 
taining concretions on Gamp 263 Creek. 

Locality 114A. Half a mile up the creek from camp, 
fossils mostly from concretions at foot of exposure. 
This locality is about half a mile down the creek from 
the Trlasslc locality 115A, and about 800 feet above 
that locality in the section. 
Inoceramus sp. same as at locality 110. 
Hammatoceras sp. cf. Ammonites (Llllia) howelll 

White, which according to Pon\peckJ is a Hammato- 
ceras. 

Locality 114B. Two hundred to three hundred yards 
below camp on north side of Sadlerochlt River, 1,500± 
feet above 114A, and about the same distance below 
locality 110. 
Inoceramus sp. related to I. luclfer Elchwald. 

The collections from localities 110 and 114 all belong 
to a single fauna, and the ammonites indicate that the 
horizon represented is probably about the same as that 
of the exposures on Kialagvik Bay, Alaska Peninsula, 
which have yielded an ammonite fauna described by 
White apd referred to the Lower Jurassic (upper Lias) 
by Hyatt and PompeckJ. Unfortunately the stratigra- 
phy on Kialagvik Bay has not been studied, and noth- 
ing is known of the relations of the ammonite-bear- 
ing beds there to the Jurassic formations, so well 
<levelope<l elsewhere on the Alaska Peninsula, that 
hnve already been described. The collections from 
localities 110 nnd 114 show nothing in common with 
the collection from locality 3. 

COBRELATION. 

Maddren* found on the 141st meridian a 
crinoid bed composed of fragments of the same 
Pentacrinus which is described above by 
Springer. The rocks associated with this 
crinoid bed were so intimately associated with 
those of the Triassic that they could not be 
separated. No other occurrence of Lower Ju- 
rassic formations in the Arctic Mountains is 
known to the writer, but possibly some of the 

^ Oral communication. 



shales and slates found by O'Neill* on the 
Firth may be the equivalent of the Eongak. 

ZOVSX FOSXATZON (JITBASSZOI). 
CHABACTEB AND OCCURRENCE. 

The Ignek formation consists of about 
2,500 feet of black shales with coal or "red 
beds," and subordinate sandstone members. It 
probably overlies the Kingak shale, of Lower 
Jurassic age. No younger Mesozoic rocks were 
found in the region. The formation occurs at 
both ends of the Sadlerochlt Mountains and 
probably along the northern front, but it has 
not been identified elsewhere. The type lo- 
cality is on the south side of Red Hill, in the 
Ignek Valley, at the west end of these moun- 
tains. 

In this locality for about a mile along the 
south side of the plunging anticline there are 
scattered exposures. The curving strike of 
the rocks makes an acute angle with the line 
of the exposure, and the dip is in many 
places nearly in the plane of the exposure, so 
that it was difficult to ascertain the thickness. 
The section along the south side of Red Hill 
is as follows, the thickness being roughly es- 
timated: 

JuraaHc (f) section on the south side of Red Hill. 

Feet. 

Blue-gray, flne-prained sandstone 200 

Black shales, with red bed near the top ; fnuna 

of locality 3 1,500 

Unexposed ^ 400 

Gray sandstone, weathering yellow 100 

Unexposed -^ 400 



2,600 



Below the lower unexposed 400 feet there 
was an outcrop of dark mottled Triassic sand- 
stone. This outcrop lies some distance from 
the face of the hill, and its dip could not be 
ascertained. Its position in the section was 
estimated by extrapolating the curving strike. 

The lowest exposure, 100 feet of dark sand- 
stone, contained a few scattered, water-rounded 
pebbles, the largest 2 inches in diameter. It 
could not be confounded with the Triassic 
sandstone, nor with the Sadlerochlt sandstone. 
The scattered pebbles differentiate it from both 

•O'Neill. J. J., op. clt, p. 114. 
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diese rocks, and its color is intermediate be- 
tween their colors. No fossils were found in 
this lowest sandstone. 

The shales are exposed nearly continuously 
along a steep bank for about a mile. They are 
black and very friable, and contain a few 
rounded concretions, the largest of which are 
3 feet in diameter. No concretionary beds wcfc 
noted. Waterworn pebbles 2 inches in diame- 
ter are sparingly scattered throughout the por- 
tions examined. Flattened pelecypods an^ 
abundant,' but the rock is so friable that diffi- 
culty was experienced in securing unbroken 
specimens. A few unflattened shells were 
found in the concretions. Locality 3, where 
the collections were made, is about half a mile 
to the west of the sandstone, which outcrops 
at the east end of the long bluff on the south 
side of Red Hill. About half a mile farther 
west are the "red beds," which are described 
below. Thus, imless faulting has occurred 
within the shales, locality 3 lies at about the 
middle of the black shale member of the Ignek 
formation. 

At the west end of this exposure and near 
the top of the section there are red beds, which 
have been produced by coal beds that have been 
burnt. These highly colored beds stand out in 
strong contrast to the black shales on the face 
of the cut, and they can be followed on the 
upper surface of the hill in a low curving ridge 
of shattered orange and yellow rock. In the 
river bank the central part of these beds con- 
sists of a crumpled complex of ash and brightly 
colored rock. On both sides of this complex 
the shales have been hardened and colored also. 
There can be no doubt that coal was formerly 
present there, and that the present aspect of 
the beds is due to the burning of this coal. 
In addition to the evidence from the ash and 
the bright color, the effect of heat is shown in 
the local disappearance of the limestone in the 
glacial drift, which overlies similar red beds 
at the head of Marsh Creek. The native name 
of the stream which cut Red Hill is Ignek, 
meaning " fire." The natives have assured the 
writer that these red beds were still smoking 
"when their ancestors came into the country, 
not many years ago. 

At a short but unmeasured distance above 
the red beds the shales are succeeded by about 
200 feet of blue-gray sandstone. No fossils 



were found in this sandstone nor were scat- 
tered pebbles noticed. Above this sandstone 
the rocks are not exposed. 

These coal-bearing black Ignek shales differ 
from the black Kingak shales in containing 
scattered pebbles and in the presence of sand- 
stone members. They also have an entirely 
different fauna. In the field the two formations 
were considered to be identical, but a careful 
review of the evidence makes it advisable to 
separate them. At Camp 263 Creek a thick 
formation of black shales probably capped 
with sandstone overlies the Shublik formation. 
At Red Hill a thick series of black shales 
similarly capped with sandstone also overlies 
the Shublik formation. The presence of a 
hard sandstone member at the bottom of the 
Red Hill section and its probable absence at 
camp 263 was a disturbing element in the cor- 
relation of the two localities, although it does 
not make the correlation uncertain. 

The Kingak fossils were collected from sev- 
eral horizons between approximately 500 and 
2,500 feet . above the Shublik' formation at 
camp 263, and the Ignek fossils, from about 
1,500 feet above the Shublik formation at Red 
Hill. It is probable* that there are two shale 
formations with distinct faunas. It is held 
that most of the Kingak formation has been 
cut out at Red Hill by faulting, so that now 
there is a distance of only 400 feet between the 
Shublik and Ignek formations, and in this 
gap a portion of the Kingak formation may 
occur. Additional evidence of such faulting 
is found in the red beds, which were observed 
from a distance to occur 5 or 6 miles up Ignek 
Valley from Red Hill. These red beds are 
almost in contact with the Sadlerochit sand- 
stone at the southern foot of the Sadlerochit 
Mountains, where it seems that not only the 
Shublik and Kingak formations have been cut 
out but also nearly the whole of the Ignek 
formation. 

Near the head of Marsh Creek, which flows 
northward from a point near the east end 
of the Sadlerochit Mountains, there is an area 
in which red beds, black shales, and sandstones 
occur in rather complicated relations. In the 
high bluff on the west side of the creek there 
is an exposure of red, orange, yellow, green, 
and bluish shales, masked by a disintegrated 
talus through which little of the structure can 
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be seen. Near the north end of the exposure 
these shales are capped by a dark sandstone 
whose thickness could not be ascertained. On 
the east side of the river for a mile or so there 
are similar highly colored exposures but no 
sandstone capping. No fossils were found 
there, but from the lithologic similarity this 
locality is correlated with the upper part of 
the Ignek formation of Red Hill. Red beds 
were also observed from a distance to occur 
close to the northern foot of the mountains 
near the head of Katakturuk River. 

On the east side of the creek and opposite 
the red beds there is a small exposure of 
sandstone from which fossils were collected 
(locality 117). It was impossible to correlate 
this outcrop with the others in the neighbor- 
hood, but it was considered in the field to be 
probably the same as that which capped the 
red beds. 

Half a mile above this exposure, around the 
bend in the creek, there is a complicated area 
of sandstones and black shales whose relation 
to the red shales and sandstone just described 
was not made out. There has been thrust 
faulting upward from the southeast in a plane 
parallel to the strike of the beds, and there are 
probably one or more faults at right angles to 
the strike of this thrust fault, so that the beds 
are duplicated in a confusing manner. From 
an elevated outlook the outcrops of the sand- 
stones seem to be grouped in threes, so that 
there are probably three sandstone members, 
perhaps 50 to 100 feet thick, separated by 
about the same thickness of shales. 

Fossils were collected from the first outcrop 
of dark sandstone on the right bank of the 
creek (locality 118A). They were confined to 
a rusty layer in the sandstone. Blocks of 
fine conglomerate were seen in the talus, but 
none in place. A few scattered pebbles were 
noticed in the sandstone. Above the sandstone 
on the same side of the creek there are perhaps 
50 feet of dark, soft mudstonc, containing, 
fragments possibly of algae. There are nu- 
merous yellow-stained bands a foot thick and 
also scattered i)ebbles. Above the mudstones 
there is another outcrop of about 50 feet of 
heavy bedded sandstone, succeeded by shales. 
The outcrops of sandstone on either side of 
the creek are in echelon and thus indicate a 
fault along the river bed. The bends on the 
southwest side are displaced from 100 to 200 



feet to the northwest, relatively to those on 
the opposite side. 

A conglomerate bed a foot thick was found 
at the bottom of one of the sandstone outcrops 
on the southwest side of the creek. This bed is 
composed almost entirely of pebbles, the larg- 
est of which are 1^ inches in diameter, much 
larger than those of the talus blocks mentioned 
above. The pebbles are well rounded and 
chiefly of white quartz and dark or black chert. 
The rock fractures without the breaking of 
many of the pebbles, but along the joint planes 
the pebbles are evenly cleaved. 

About half a mile south of the sandstone and 
shale exposures just described, at the point 
where Marsh Creek flows northward out of the 
mountains, there is a good exposure of the 
rocks which here overlie the Lisbume lime- 
stone. Several hundred feet of vertically dip- 
ping rocks are exposed in a nearly continuous 
section, but the sequence is not the same as 
that found elsewhere. The limestone is suc- 
ceeded above by an interval of about 30 feet in 
which no beds are exposed. This interval is fol- 
lowed by about 200 feet of blue-gray shales, with 
led-stained sandy beds less than 3 feet thick. 
There are also fine reddish seams in the shales, 
in places as many as three to a foot. Above 
the shales there is about 150 feet of sandstone. 
The northernmost and what is apparently the 
top bed of this sandstone is conglomeratic, and 
the pebbles, chiefly of quartz, attain a maxi- 
mum diameter of 1^ inches. The sandstone 
grades through shaly beds, containing scattered 
pebbles, into a formation of black shales that 
carry thin rusty beds from 5 to 10 feet apart. 
Then comes an exposure of about a third of a 
mile of black shales, which dip steeply to the 
south. Beyond these shales but separated 
from them by an unexposed area comes the 
area of southeastward-dipping shales and 
sandstones described above. 

No fossils were found in this series of rocks 
at the base of the mountains, and if the writer's 
examination had been confined to this section 
alone there would have been little hesitation in 
calling it an undisturbed sequence of the post- 
Lisburne rocks. When the sequence found in 
other places is taken into consideration it will 
be seen that there must have been complicated 
folding and faulting at the head of Marsh 
Creek, by which the present relations of the 
beds have been brought about. 



OENEKAIi QBOLOOT. 



The Sadlerochit sandstone, about 300 feet 
thick, is typically in such close contact with 
the Li^urne limestone that no great thickness 
of shales could have escaped notice. The ac- 
tual contact was observed on the south side of 
the Shublik Mountains, where the two forma- 
tions graded together within a short distance. 
Fossils of the two formations were collected 
only 30 feet apart at locality 19. No conglom- 
erate was anywhere found in the Sadlerochit 
sandstone. In the normal sequence the sand- 
stone and limestone of the Shublik formation 
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there is a wide area of unexposed and probably 
soft rocks, which are capped by a dark sand- 
stone. There is room between the sandstones 
for the Shublik and Kingak formations. The 
upper sandstone is considered to be the lowest 
member of the Ig^iek formation. The section 
seems to be the same as that on Camp 263 
Creek, a few miles south, on the opposite side 
of the Sadlerochit Mountains. 

A sketch of the area around the head of 
Marsh Creek and sections showing its struc- 
ture are given in figui-e 8. 




should occur about 300 feet above the Sadlero- 
chit sandstone, yet in the exposure of shales 
above this doubtful sandstone no outcrops of 
harder rocks were noted, and thoy could hardly 
have escaped notice had they existed. Conse- 
quently it is believed that the upper part of 
the Ignek formation has been brought into 
conformable dip with the Lisburne limestone 
by faulting, and that probably the beds have 
been overturned, so tliat the youngest lie next 
to this limestone. 

A mile or so east of this puzzling locality 
the normal sequence seems to hold. The T^is- 
burne limestone is capped by the Sadlerochit 
sandstone as usual, and above this sandstone 



On the west side of Canning River, oppo- 
site Mount Copleston, theie are three or four 
outcrops of sandstones that dip southward 
at higli angles and are separated from one an- 
other by unexposed areas, which probably rep- 
resent softer rocks. The sandstones strike east- 
ward, and are apparently on the south side of 
the plunging west end of the Shublik anti- 
cline. They are apparently several thousand 
feet higher in the section than the Paleozoic 
rocks on the east side of the river. Fossils 
were collected from the second outcrop from 
the south at a point where about a hundred 
feet of beds are exposed. The rock is a hard, 
fine, blue-gray sandstone, somewhat shattered 
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but apparently heavy bedded. There are a 
few thin horizons with numerous white and 
gray quartz pebbles. The fossils were col- 
lected from a conspicuous rusty bed on the 
south side near the water's edge. Slabs were 
broken off which were formed almost entirely 
of the matted fossils of several species. These 
sandstones (locality 100) were considered in 
the field to be correlated with those of the 
Ignek formation found near the head of Marsh 
Creek (localities 117 and 118), and the paleon- 
tologic evidence bears out this inference. 



AGE. 



The Ignek formation is considered, chiefly 
from stratigrapliic reasons, to be younger than 
the Kingak shale. The relations of the beds 
are apparently undisturbed at camp* 263, and 
there the Kingak formation, of Lower Juras- 
sic a^e, closely succeeds the Triassic. At Ked 
Hill the Ignek formation succeeds the Trias- 
sic, but, as has been shown, a considerable 
thickness of rocks probably has been cut out 
by faulting. 

If it were not for the sandstone which un- 
derlies the Ignek shales at Red Hill, the writer 
would consider that the two shale formations 
grade together, and that the sandstone (?) 
which caps the Kingak section at camp 263 
is the same as that which caps the Ignek sec- 
tion at Red Hill. Although this suggested re- 
lation may prove to be the actual one upon 
detailed examination, the best evidence at 
hand indicates that the Ignek formation be- 
gins with the lowest sandstone at Red Hill, 
and that this sandstone and the sandstone (?) 
at the top of the section at camp 263 are prob- 
ably the same. 

The several sandstone and shale members 
described at the head of Marsh Creek and 
the sandstones from the west side of the Can- 
ning, together with the fauna at locations 100, 
117, and 118, were not found in determinable 
relations to the typical Ignek shale of Red Hill 
(locality 3), but as they could hardly have 
been present below these shales without being 
discovered they are considered to be younger. 
In the field they were considered to overlie 
immediately the red beds at the top of the 
Ignek shale, but there was not conclusive 
evidence of this relation. The red beds are 
capped by sandstone, but whether this sand- 



stone is the lowermost member of the group 
of sandstones is uncertain. 

The Ignek formation is typically the black 
shale formation which contains coal at Red 
Hill and has the fauna found at locality 3. 
The sandstones and black shales, which prob- 
ably overlie the typical Ignek shale, were 
grouped with the Ignek formation, for no 
definite stratigraphic or faunal break could 
be found. 

T. W. Stanton has identified the following 
invertebrates of the Ignek formation, and F. 
H. Knowlton has reported upon the fossil 
wood. 

Locality 3. Canning River, bluff on south side of 
" Red HUl," Ignek VaUey, about half a mile east of 
red beds. A very friable black shale. Several hun- 
dred feet exposed. Ck)ntains a few rounded concre- 
tions less than 3 feet in diameter. 

Terebratula? sp. 

Splriferina? sp. 

Pecten sp. 

Lima? sp. 

Modiola sp. ; fragment. 

Inoceramus?? sp. ; small imprint 

Nucula sp. 

Leda sp. 

Toldia sp. 

Astarte isp. 

Pholadomya? sp. ; young shell. 

Pleuromya? sp. 

Goniomya? sp. ; fragment 

Undetermined pelecypods of two or more genera. 

Burtinella sp. 

This rather poorly preserved collection is puzzling 
because of its lack of relationship to any other Alas- 
kan fauna known to me, and because of the absence 
of characteristic types. It is probably Mesozoic and 
may be Jurassic. 

Locality 100. Canning River. Bluff on the west 
side of the river opposite Shubllk Island. The second 
outcrop of. sandstone north.. Fossils very abundant 
In a rusty band a few Inches thick and not found 
elsewhere. Bbcposure of about 100 feet of fine blue- 
gray sandstone. 

Astarte sp. 

Cyprlna? sp. 

Homomya sp. 

Dentallum?? 

Pleurotomarla? sp. 

Natlca sp. 

Belemnltes? sp. represented by Imperfectly preserved 

specimens which appear to be the phragmacones of 

large belemnolds. 

This puzzling collection of fairly well preserved 
Mollusca Is presumably of Jurassic age, but It seems 
to have no species In common with any of the known 
Jurassic or other Mesozoic faunas of Alaska. 
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Locality 117. Exposure 50 yards above camp 266 on 
east side of Marsli Creels. 

Astarte sp. ; same as at locality 100. 
Pleuromya sp. 

Locality 118A. Bluff on northeast side of Marsh 
Creek a mile above camp 266 at first good exposure 
of sandstone. Fossils from a rusty band. 

Astarte sp. same as at localities 100 and 117. 

Localities 117 and 118A are probably Jurassic, and 
their horizon is nearly the same as that at locality 100. 

F. H. Knowlton gives the following report 
on the fossil wood : 

Locality 3. Canning River, bluflf on south side of 
Red Hill, Ignek Valley, about half a mile east of 
red beds. 

Fragments of fossil wood. 

I have examined thin sections of this material and 
find it to be coniferous wood with unusually small 
wood cells or tracheids. In the radial section the pits 
on the tracheids are found to be nearly circular in out- 
line and disposed in a single vertical row. The pores 
or silts In the pits could not be made out with cer- 
tainty, nor could markings or pits of any kind be 
noted on the lateral walls of the medullary rays. 

In the tangential section the medullary rays are 
seen to be arranged in a single series, usually compris- 
ing 2 to 4 cells, though in places there is only one and 
rarely there may be 6 or 7. 

I do not find any characters which would mark this 
wood as unmistakably of Paleossoic age, and to the best 
of my knowledge and belief it is Mesozoic. It is prob- 
ably to be best regarded as a species of Araucari- 
oxylon. 

COHRELATION. 

As Stanton finds the fauna of the Ignek for- 
mation to be different from any other in Alaska 
no correlation can be made from the marine 
portion of the formation. Schrader ^ and Col- 
lier ^ both describe a "Jura-Cretaceous" for- 
mation which contains coal. This is the Juras- 
sic Corwin formation of the Cape Lisburnc 
region. 

PALEOZOIC AND 3IESOZOIC IGNEOUS ROCKS. 

OBEEN8T0KE8. 
DIABASE AND BASALT. 

Character and occutrence, — ^At the first creek 
that flows out of the west end of Shublik 
Mountains into Ignek Valley there are out- 
crops of igneous rock, which cap the lime- 

1 Op. clt., pp. 72-74. • Op. cit., pp. 27-80. 



stone on both sides of the creek. A 'second 
outcrop occurs several hundred feet below, 
near the level of the stream. The upper out- 
crops show a mass of chocolate-colored rock, 
about 800 feet thick, which lies apparently con- 
formably to the bedding of the Lisbume lime- 
stone. The portion of this rock on the west 
side of the creek is only a few hundred yards 
long, but on the east side the rock extends for 
a mile along the northern face of the moun- 
tains. A len?-shaped area of light-colored 
talus within this area of chocolate-colored rock 
was considered to be limestone. 

From the aspect of the neighborhood the 
upper igneous mass must be several hundred 
feet below the top of the Lisbume limestone. 

Specimens of the lower igneous rock were 
obtained, but none of the upper rock. The 
lower rock, which was cut by the creek, when 
viewed from a distance resembled the upper 
rock in its chocolate color. Its relations with 
the overlying limestone were concealed by 
talus, and the bottom was not exposed above 
the creek. As an overturned fold or fault oc- 
curs at the front of the mountains, the lower 
bed is considered to be a continuation of the 
upper one. Close inspection showed that much 
of the rock was a finely crystalline dark green- 
stone. This rock has been determined under 
the microscope to be a diabase. 

No bedding planes were observed. The rock 
was massive and jointed in three directions. A 
hand specimen shows a groundmass of diabase, 
which incloses much fine breccia of a chocolate- 
colored chertlike rock that may be a glass. 
The largest piece of this glass (?) is 2 inches 
across and is traversed by a set of parallel 
joints, a quarter of an inch apart, which do 
not pass into the groundmass. The same hand 
specimen shows many oval amygdules, the 
largest a quarter of an inch in diameter, filled 
with chlorite. Another specimen contains 
chocolate-colored glass ( ? ) that is brecciated 
and filled with epidote through which later 
quartz veinlcts run in different directions. 

Although the upper mass of this greenstone 
was thought to be intrusive from the appar- 
ently included limestone, the evidence from the 
lower mass is that it at least was extrusive. 

A rock that resembles in every way the one 
just described is exposed near the east end of 
Sadlerochit Mountains, in Itkilyariak Valley. 
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It forms a chocolate-colored mass about 300 
feet thick which apparently lies conformably 
within the Lisbume limestone that is exposed 
in a northward-facing fault scarp. Among 
the stream gravels there are specimens of 
greenstone, apparently identical with the rock 
of the western exposures. 

No other exposures of similar greenstones 
were noted, nor was ' any float seen in the 
streams. 

A determination of two of the specimens of 
the greenstone exposed at the west end of 
Shublik Mountains was made by J. B. Mertie, 
of the United States Geological Survey, whose 
report is here given. L 31 B is a specimwi of 
the groundmass, and L 31 A is a specimen that 
shows the amygdaloidal phase. 

Orcenstones from the west end of Shublik Mountains. 

L-51-B. Diabase. Texture: Ophitlc fabric. CJon- 

stituents: Auglte, labradorite (largely sericitlzed ) , 

iron oxides, and chlorite (secondary) spherulites. 
Lr-31-A. Amygdaloidal basalt. Texture : Interstitial 

fabric. Constituents : Labradorite, auglte, iron oxides, 
and much basaltic gloss. 

The amygdules are fiUed In the centers with a 
grass-green chlorite that is more or less pleochrolc. 
The outer borders of the cavities are composed also 
of chlorltlc material, greenish-yellow in color, but 
without pleochroism. In a few of the cavities rounded 
grains of garnet appear, surrounded by chlorite; 
spherulitic plagioclase (oligoclase?) also occurs in 
one cavity of the chlorite. The basaltic glass is locally 
intensified around the amygdules, which indicates defi- 
nitely the primary origin of the amygdules In the form 
of vesicles. 

Age, — This extrusive greenstone occurs near 
the middle of the Lisburne limestone, which 
is of Mississippian age. 

Maddren has brought back specimens of 
greenstoae from the one hundred and forty- 
first meridian which greatly resemble the 
greenstones described above and are associated 
in unknown relations with limestone. Smith ^ 
describes greenstones from the Noatak-Kobuk 
region and discusses their existence in neigh- 
boring areas. His conclusion is that they are 
of Paleozoic age and probably older than the 
Carboniferous. Under the head of "Early 
effusives and intrusives," ^ he mentions gabbros, 
and amygdaloids, tuffs, and volcanic agglom- 
erates of andesitic or dioritic composition and 

> Smith, p. 8., op. clt., pp. 107-109. 
a Idem, pp. 109-112. 



texture. The age of these rocks is considered to 
be Mesozoic, probably in the middle rather 
than in the early part of that era, and certainly 
older than the Upper Cretaceous. 



BASALT. 



Character <md occurrence. — Another green- 
stone of quite different appearance was found 
in the rock canyon on Hulahula River at the 
edge of the mountains. There is at that place 
an exposure about 2 miles in length of a very 
hard fine-grained green rock. This portion of 
the river was hurriedly traversed, and the only 
observations entered in the notebook are that 
the rock is massive and jointed, and in places 
shows slight indications of bedding and fold- 
ing. Near the south side it becomes somewhat 
fissile and is fractured, in some places showing 
a slaty cleavage. Some purplish phases were 
noted. The bottom is not exposed, and the top 
is not visible from the canyon floor. At least 
300 feet was the estimate of the thickness. 
In the mountain on the west side of the canyon 
the Lisbume limestone lies much above the 
level of the greenstone, so that the probable 
position of the greenstone is well down in or 
below the limestone. Mr. Mertie has examined 
this greenstone under the microscope and 
makes the following report: 

Greenstone from the canyon of Hulahula River. 

LH 1. Basalt. Texture: Interstitial fabric, very 
fine grained. CJonstltuents : Auglte, very small crys- 
tals of feldspar (plagioclase), altered, a little quartz, 
secondary chlorite, etc. 

Age. — Though this greenstone is so different 
in appearance from that of the Shublik Moun- 
tains, the microscopic examination shows them 
to be similar. As the greenstone occurs in a 
somewhat similar position with reference to 
the Lisburne limestone, it may be part of the 
same flow that was extruded in Mississippian 
time a little farther to the west. 

OBAHITE. 

Character and occurrence. — ^The granite oc- 
curs in a roughly circular area about 15 miles 
in diameter, between Hulahula and Jago rivers* 
Okpilak River heads a short distance behind 
the granite and flows through its central part 
The granite and the hardened schist south of 
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it form the Eomanzof Mountains, which rise 
about 3,000 feet above the rest of the Arctic 
Mountains and reach a total elevation of 9,000 
feet above the sea. 

Numerous specimens of the granite were col- 
lected, but as they were too heavy for summer 
transportation they were cached, with the in- 
tention of sledding them out during the win- 
ter. The writer was not able to go after them 
personally, so he asked a native to bring them 
out. The cache was found, but the sper- 
mophiles had eaten all the bags and Jabels, 
leaving only a pile of broken rock, which the 
man did not think worth the trouble of trans- 
portation. 

The granite, as the rock is assumed to be, 
is coarse grained and light gray in color. Lo- 
cally it has a bluish tinge, but no red or pink 
phases were seen. Near the contacts with the 
other formations the feldspars are as much as 
1^ inches across, giving a porphyritic aspect 
to the rocK. A few quartz veins occur along 
joint planes. In one place there was a vein 
30 feet wide filled with soft white and yellow 
material (gouge?) so impregnated with pyrite 
as to be perceptibly heavy in hand specimens. 
Elsewhere pyrite was scattered in small crys- 
tals throughout the rock. 

On the south the granite is in contact with a 
gneiss(?), which is believed to be a hardened 
phase of the Neruokpuk schist. The bedding 
and schistosity of the gneiss are parallel to the 
contact, which is nearly vertical at the forks, 
and change in direction with the contact where 
it makes a sharp bend a mile or so up the east 
fork. The feldspar crystals seem flattened 
near this contact, but the granite seems other- 
wise unaltered. No stringers of granite were 
noticed in the gneiss, nor blocks of gneiss in 
the granite. 

The northern contact against the Lisbume 
limestone is apparently conformable with the 
bedding of this overlying formation. A creek 
runs along the contact on the east side of the 
Okpilak, and the actual contact was not found. 
Outcrops of limestone and granite occur with- 
in 30 feet of each other on opposite sides of 
the creek. The granite is fissile and yellow 
there, and though the limestone is on the 
whole more crystalline than elsewhere and 
has lost all its fossils except crinoid disks it 
does not seem greatly altered near the contact. 



No stringers of granite were seen within the 
limestone nor any limestone within the granite. 
The limestone here is only about a third as 
thick as elsewhere. 

Stnt€tu7*e.— The granite is affected by a per- 
sistent set of joints throughout the exposure 
on Okpilak River. The dominant plane ranges 
as a rule between N. 70° W. and N. 60° W. 
(true) in strike, though one measurement gave 
N. 35° W. The dip of this joint plane ranges 
between 50° NE. and 75° SW. The second 
plane strikes between N. 52° E. and N. 30° E. 
and dips between 70° and 90° NW. The third 
joint plane, near the forks, strikes parallel to 
the second, but the dip is 5° to 50° E., in many 
places curving. These joints are spaced 1 to 
15 feet apart and divide the rock into paral- 
lelopipeds whose sides range in length within 
these limits. Wherever the slope of the moun- 
tain side is parallel with the plane of the third 
joint, as is common on the steep west side of 
the valley, the blocks slide off as fast as they 
are loosened, exposing large smooth surfaces 
of granite. Those joints give rise to "saw 
teeth " on the ridges. 

Age. — ^It has been shown above that the Lis- 
bume limestone w^as not greatly altered, even 
near the contact ; at least not more than might 
be accounted for by the deformation which 
took place during the period of mountain 
building. No positive evidence of intrusion, 
such as intermingling of granite and limestone 
at the contact, was found. There was also no 
evidence of depositional unconformity, such as 
would be expected between a limestone and 
a naked mass of coarse-grained granite. The 
black shale which underlies the limestones else- 
where in the Arctic Mountains is thus lacking. 
More than half the thickness of the limestone 
also seems to be lacking near the granite. On 
balancing the evidence it seem probable that 
the granite was intruded after the limestone 
was laid down. This conclusion makes the 
lower limit for the ago of- the granite post- 
Mississippian. 

The rocks above the limestone were so 
crumpled and metamorphosed that their struc- 
ture could not be made out. Triassic talus was 
found in this complicated area w^ithin 4 or 5 
miles of the granite, but no definite upper limit 
to the age of the granite was found, except that 
it was intruded prior to the cycle of erosion 
which produced the present drainage system. 
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Smith ^ in discussing the granites of the 
Noatak-Kobuk region, regards them as 
younger than the greenstones. He says that 
they 

were formed probably In the Mesozolc and certainly 
between the known Devonian or Garboniferons and 
the known Upper Cretaceous sediments. ♦ ♦ ♦ The 
most widespread peritxl of volcanism In Alaska ap- 
pears to have been in the Jurassic and it seems more 
than likely that these jrranltes were intruded during 
that general perioif. 

Maddren reports orally the existence of gray 
granites of unknown age near the 141st me- 
ridian. 

CENOZOIC DEPOSITS. 
SAVDSTOKE ON OAHVINO SIYEB (TEBTZA&TI). 

In a river cut bank on the east side of the 
Canning, 4 or 5 miles north of Sadlerochit 
Mountains, there is an exposure of coarse gray 
sandstone, which dips gently away from the 
mountains. There seem to be remains of 
plants in this rock, but no recognizable fossils 
were found. This sandstone is different from 
anything in the region and is considered to be 
younger than Jurassic and older than Plio- 
cene. It somewhat resembles Schrader's lower 
Colville^ and so is more likely to be Tertiary 
than Mesozoic. 

BAVSSTOVS AT PEASD BAY (TXBTZAKT1). 
CHABACTEB AND OCCUBRENOC 

In sailing along the high bank that runs 
from Barrow south westward for about 40 miles 
two outcrops of rock were seen, and the south- 
ern one was examined. This locality is at the 
extreme end of the high bank, where an out- 
lier is cut off by a small valley. The rock is a 
gray-green sandstone, fairly hard in fresh ex- 
posures, but when weathered it can be crushed 
between the fingers. The bedding is massive, 
but the rock disintegrates into thin flakes. Lo- 
cally there is cross-bedding. ' There are irregu- 
larly spaced joints, but these do Qot seem to 
fall into any distinct joint systems. No fos- 
sils were found, but there are fairly abundant 
cylindrical holes that appear to indicate the 
existence of animal life. The largest holes are 
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6 inches long and half an inch in diameter. 
Some of them are curved longitudinally; 
others have helical ( ? ) markings on the walls. 

This exposure commences on the northeast 
side of the small valley, and beyond a con- 
cealed interval of a hundred yards or so it can 
be followed to the southwest end of the outly- 
ing bank. The total length of the exposure is 
about a mile. The rock rises gently above the 
beach sands, and after reaching a maximum 
elevation of 10 feet falls as gradually until it 
is again lost beneatii the beach. 

The bedding is horizontal and undisturbed. 
The upper surface is horizontal and parallel 
with the bedding, within the limits of measure- 
ment at any one place, though of course the 
upper surface follows a gentle curve from end 
to end. Few contacts were found free from 
the mud which was slumping down from above, 
and no irregularities of the surface were seen 
at these places. The writer was unable to de- 
termine whether this outcrop was a gentle anti- 
cline 'whose upper surface was undisturbed by 
erosion or a gentle undulation in a base-leveled 
plain. 

AGE. 

As no fossils were found in this sandstone 
at Peard Bay, its age can only be estimated. 
The upper contact of the sandstone is every- 
where against the horizontal unconsolidated 
mud shales, which are thought to be Pleisto- 
cene. There is an evident unconformity in 
texture. As the surface of the coastal plain 
shows no increase in height over the sandstone, 
the Pleistocene deposits may be considered to 
preserve the same horizontality here as else- 
where along the 40 miles of exposures in the 
high bank. The sandstone rises at least 10 
feet into these shales, so that it must be un- 
conformable in structure also. Thus an in- 
terval is indicated between the deposition of 
the sandstone and the Pleistocene shales. 

The nearest known rock exposures are at 
the coal beds of Wainwright Inlet, about 40 
miles to the southwest. Schrader, who exam- 
ined an outcrop near Wainwright, found it 
to be of "dense earthy-colored or dark-gray, 
soft impure limestone or calcareous shale, and 
hard gray sandstone of medium grain, all in- 
terbedded with dull-bluish softer shale." ' The 
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age is considered to be late Jurassic or early 
Cretaceous from plant remains. 

This sandstone in no way resembles the rocks 
of Wainwright Inlet nor any of the Mesozoic 
rocks found by the writer along the front of 
the Arctic Range. A Tertiary age is regarded 
as most probable. The absence of scattered 
pebbles is considered to be significant in sepa- ' 
rating it from the Pliocene shale of Camden 
Bay. If the presence of these pebbles is cor- 
rectly interpreted as indicating an Arctic cli- 
mate, it is not probable that the sandstone of 
Pcard Bay, if it were of Pliocene age, would 
be entirely free from them. 

SHALE NEAR C0LLIK80N POINT (PLIOCENE). 
CHARACTER AND OCCURRENCE. 

These shales have been found only near the 
northern edge of the Anaktuvuk Plateau in the 
type localty at Carter Creek, and at Katak- 
turuk River. Carter Creek, near the point 
where it enters the Arctic Ocean, about 2 
miles east of Collinson Point, flows through 
an east and west valley. On the north side 
of this valley, within the space of a mile, there 
are several exposures of the formation, which 
there consists of neutral-tinted soft shales. 
There are a few thin bands of harder sandy 
shale and also a few layers in which occur 
rounded concretions a few feet in diameter. 
As a rule the outcrops have broken down into 
mud, but in a few places the bedding could be 
made out. Black chert pebbles were occasion- 
ally seen in place, and they are abundantly dis- 
tributed over the face of the outcrop, in some 
places being concentrated into rows along the 
strike. Small boulders are also scattered over 
the face of the outcrop, some of them striated. 
These boulders probably belong to the over- 
lying gravels rather than to the Pliocene 
shales. 

In addition to the stones there were also 
large crystals scattered upon the surface of the 
outcrops. These crystals were of two forms — 
single four-sided crystals tapering from the 
middle toward each end, and clusters of such 
pointed crystals. The single crystals were usu- 
ally 4 to 6 inches long, but those in clusters 
were much smaller. They have been deter- 
mined by Waldemar T. Schaller, of the United 
16344'— 18 ^9 



States Geological Survey, to be calcite pseudo- 
morphs after celestite. 

Fossil wood was also found upon the surface, 
mostly in fragments, but one. specimen was 
excellently preserved. Fossil shells were col- 
lected from the surface where the shattered 
concretions were abundant. A few were broken 
out of the harder rock of the concretions. 

The thickness of the rock in this exposure 
is less than 200 feet, but as outcrops of a 
similar appearance were visible a mile or so 
farther south the formation may be rather 
thick — a thousand feet or more. 

About 10 miles from the coast, upon the 
wes^ bank of Katakturuk River, there is a con- 
tinuous exposure of shales in a cut bank. 
These shales are soft, so that a badland topog- 
raphy is developed in the face of the bank. In 
color they range from blue-gray to greenish. 
There are a few thin bands of harder material 
and also disklike concretions, the largest of 
which are 6 feet in greatest diameter. Black 
chert pebbles are numerous, but there are no 
crystals. A few fragments of petrified wood 
were found, some of it partly carbonized, but 
no fossil shells were seen. 

On the opposite side of the river from the 
locality just mentioned, about 2 miles nearer 
the coast, at the first creek which enters the 
river upstream from the coast, there is an out- 
crop of shales containing a 6-foot bed of mod- 
erately hard, coarse, gray sandstone. This 
sandstone is cross-bedded and contains scat- 
tered chert pebbles and one or two conglomer- 
atic bands of fine gravel. There are also many 
disklike coal pebbles, the largest of which are 
2 inches in diameter. These pebbles in one 
place are so abundant that they form a con- 
glomeratic band a couple of inches wide. The 
coal is a black lignite, which G. C. Martin, of 
the United States Geological Survey, states is 
similar to the Tertiary coal of Cook Inlet. 

This sandstone bed is about 6 feet thick and 
is underlain by about 100 feet of exposed 
shales, which are similar in character to those 
just described. No fossils were found. 



STRUCTURE. 



The structure of the shale is monoclinal in 
the three localities in which it has been found. 
The strikes are all about northeast and the 
dips are toward the ocean. At Carter Creek 
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the dip was estimated at 15° to 20** ; on the east 
side of Katakturuk River, at 25° to 30°, and 
on the west side at 40°. The strikes at the 
three localities fall nearly into one line upon 
the map, so all the shales are grouped into one 
formation. 

AQK. 

W. H. Dall, of the United States Geological 
Survey, has m^de the following determinations 
of the fossils collected at Carter Creek. The 
first two collections were made in 1912 ; the rest 
in 1914. Locality 200 A is the same as No. 7068 
(Carter Creek, A). Locality 200 B is probably 
the same as No. 7070 (Carter Creek, C). Dall 
states that the age is Pliocene, resembling that 
of the Nome beaches. "The number of un- 
doubtedly new forms precludes the fauna be- 
ing regarded as Pleistocene. Moreover, the 
Pleistocene fauna is more Arctic in character." 
The Pliocene fossils "indicate a temperature 
similar to that of the present Aleutian Islands." 

Pliocene foasiis from the sfiales at Carter Creek, 

Location 200 A. 
Astarte arctica Gray (fragments). 
Venericardia alaskana Dall (fragment). 
Macoma calcarea Gmelin (cast). 
Tachyrhynchus sp.? (cast). 
Dentaliuni sp. (cast). 
Balanus sp. (fragment). 

Location 200 B. 
Macoma calcarea Gmelin. 
Tellina sp. 

Astarte boreal is Schumacher (fragment). 
Astarte arctica Gray? (fragment). 
Astarte roUandi Bern.? (cast). 
Chrysodomus sp.? (internal cast). 
Cardium gronlandicum Fabricius? (fragment). 
Balanus sp. (fragment). 

70(58. Carter Creek, A. 
Astarte n. sp.? (fragment). 
Saxicava cf. S. arctica Linn6. 
Nucula sp. near miriflca Dall. 
Admete? cf. A. regina Dall. 
Bela? sp. (fragment). 
Buccinum sp.? (fragment). 
Balanu.s rugosus Wood. 

7009. Carter Creek, B. Eighty feet below A and 
100 yards to the east. 
Afitnrte n. sp. 
Adrofte cf. A. regina Dall. 

7070. Carter Creek. C. One hnndrwl feet below B 
and 200 yards to the east. 
C>Tt^Hlarla n. sp. near C. siliqua Daudin. 
Lefla sp. cf. L. frigida Tore!!. 
Astarte sf). (fragment). 
Cadulns n. sp. 

Turris (Antlplanes) sp.? (fragment). 
Amaur^^peis cf. A. islandiciis Gmelin. 
Cnrptonatica gp. cf. C. dausa Broderip and Sowerby. 



COKRELATION. 



The upper part of Schrader's Colville se- 
ries ^ contains fossils which have been identified 
by Dall as Pliocene. The upper part of the 
Colville is practically free from indurated rock 
and consists of " beds of fine gray, slate-colored, 
or ash-colored calcareous silts, containing fau- 
nal remains.'' The thickness where observed 
was 40 to 50 feet. The only species in common 
with the shales at CoUinson Point is Saxicava 
arctica. These two Pliocene formations, less 
than 150 miles apart, are correlated with one 
another, even though the fauna of Collinson 
Point is more similar to that of Nome. A list 
of species found in the beaches. at Nome is 
given by Moffit.* 

No other Pliocene formations from northern 
Alaska are known to the writer. O'Neill* re- 
ports fossils from the upland north of the 
mountains on Firth River. These may prove 
to be Pliocene. 

UPLAVD O&AVELS (PLSI8T00XVE). 
CHABACTEB AND OCCUBBENCE. 

The upland gravels form a superficial de- 
posit upon the Anaktuvuk Plateau, confined, 
as far as the writer's observations go, to an 
area south of Camden Bay. They have their 
greatest development on Katakturuk River, 
whose banks as a rule show good exposures. 
A few miles from the coast a level-topped 
bank begins on the east side of the river and 
runs several miles southward. Near the south- 
ern end it attains a height of approximately 
100 feet. On the west side of the river, near 
the end of the eastern bank, a similar bank 
runs 2 or 3 miles farther south. Both these 
banks are capped with a horizontal bed of 
coarse gravels, which is exposed through a ver- 
tical distance of 20 feet and has a maximum 
possible thickness of 40 feet. The material is 
coarse and increases in size to the south. At 
the end of the eastern bank, where the maxi- 
mum size was 18 inches, there are many stones 
over a foot in diameter. The material is of 
local derivation, as far as could be seen, but no 
limestone was found. 

Under the gravels there are exposures of 
highly dipping shales which are considered to 

1 Srhrader. P. C, op. c\t., pp. 81-83. 

'Mofflt. F. H.. GeolofTj of the Nome and Grand Central 
quadrangles, Alaska : U. S. Geol. Surrey Bull. 533, pp. 45-47, 
1913. 

« 0'N<»ilI, J. J., op. cit., p. 113. 
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be of Pliocene age. The exact contact was con- 
cealed by the slumping gravels, but it must be 
a nearly horizontal plane. 

On the east side of the river, opposite the 
southern end of the west bank, there is a flat- 
topped, gravel-capped bluff about 120 feet 
high. Here the material is much coarser than 
in the lower portions of the river. There are 
many boulders more than 1^ feet in diameter, 
and one was found that was 2^ feet in diame- 
ter. The cobblestones are well rounded, but 
the boulders are only slightly rounded. No 
striae were seen after a careful search. The 
material is mostly sandstone that was probably 
derived from the Sadlerochit formation. There 
is also much limestone, probably Lisbume 
limestone, which was not found in the other 
exposures. The thickness of the deposit is 
about 25 feet. 

The top of the hill slopes gently down to the 
edge of the gravels, and then breaks sharply 
down to form the bluff. The ground near the 
edge of the bluff is covered with gravel, but 
none was seen upon the higher part of the hill, 
so that a deposit of 20 to 40 feet of soft ma- 
terial is considered to overlie the gravels. With 
a field gla^ outcrops of gravels could be seen 
in horizontal patches somewhat below the tops 
of the gently rolling hills in the vicinity. The 
evidence is strong that perhaps 40 feet of this 
material overlies the gravels. 

Deposits of boulders at the head of Marsh 
Creek are possibly derived from glacial drift. 
Tliese boulders may have originated in the 
same manner as the gravels, but the evidence 
is in favor of a glacial origin. In the same 
valley, about 8 miles below its head, there 
is a conspicuous flat-topped bluff that rises 
about 100 feet above the creek bed. This bluff 
is capped with a bed of gravels about 30 
feet thick, but the underlying material is con- 
cealed by slumping. The deposit consists of 
boulders, the largest of which are 2^ feet in 
diameter, in a matrix of sandy clay. It resem- 
bles glacial drift. The boulders are almost all 
of sandstone, although a few small ones of 
cherty limestone were found. Those composed 
of sandstone are polished, and one has mark- 
ings running in two directions which were 
thought to be glacial striae. 

Before the gravels had been investigated in 
other areas this deposit was considered to be 



glacial. If glacial, it could have been depos- 
ited only during a stage of glaciation earlier 
than that during which the other moraines of 
the region were laid down. The chief points of 
difference between this deposit and the mo- 
raines are the lack of glacial topogi'aphy and 
the small limestone content. After finding 
boulders of equal size at an even greater dis- 
tance from the mountains on the Katakturuk, 
and after finding striae elsewhere among the 
gravels, this deposit on Marsh Creek has been 
correlated with the nonglacial gravels. 

On Marsh Creek, 4 or 5 miles from the 
coast, a blanket deposit of gravels several hun- 
dred feet long upon the east bank was studied 
through field glasses. The cobbles were prob- 
ably less than a foot in diameter. 

The crest of the ridge which separates the 
lower portion of Carter Creek from Sadlero- 
chit Kiver is capped in at least three places 
by a bed of gravels. Only the northernmost 
one was examined; the others were observed 
with field glasses. The northernmost deposit 
lies on top of the slope that leads up from the 
beach, about 4 miles east of CoUinson Point. 
It is about 2 miles from the beach and lies at 
an elevaticHi of approximately 250 feet. The 
gravels occupy an area about 100 yards long 
by 30 yards wide, and their relief above the 
hilltop is slight. The pebbles are less than 
6 inches in diameter and of local origin as far 
as noted. After a careful search no striae were 
found. 

AU these gravels occur in nearly horizontal 
beds upon or near the top of the upland. Two 
other areas are described below in which they 
have a different aspect and possibly a different 
origin. 

Near the ocean Carter Creek turns sharply 
west for a mile or so and then sharply to the 
north again to its mouth. On the north side 
of the east and west part of the creek abundant 
waterworn stones are scattered over the brow 
of the hill and over the Pliocene shales ex- 
posed in its face. Some of the stones lie upon 
narrow ridges of naked shales where a slight 
displacement would have caused them to roll 
down on either side. The larger boulders, most 
of which are less than a foot in diameter, are 
chieflv of sandstone; onlv one limestone l)Oul- 
der was found. Several large flints, one 
of which is 16 to 18 inches in diameter, were 
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found embedded in the disintegrated shales. 
There is no conspicuous impurity in the ma- 
terial. The stones are well rounded, the flints 
showing the marks of severe pounding in the 
moonlike fractures, such as arc seen in agate 
marblea When these gravels were first ex- 
amined in 1912 several cobbles, the largest 8 
inches in diameter, were found to be definitely 
striated. Two or three of them were cached 
in a prominent place. In 1914 these cobbles 
were reexamined and were noted to be "sub- 
angular, waterwom stones, with striae on one 
side." 

As neighboring gravel deposits were found 
at an altitude about 150 feet above these beds, 
the gravels just described may have been let 
down from a general blanket layer as the coun- 
try was lowered by erosion. Their much 
greater size in comparison with those found 
at the greater altitude makes this origin some- 
what doubtful. Also the stones found upon 
the narrow shale ridges would have diflSculty 
in keeping their insecure position while the 
top of the ridge was lowered about 20 to 30 
feet below the general elevation of the bank. 
On the other hand, no stones were seen in 
place except black chert pebbles, but it is not 
impossible that some of these may have weath- 
ered out of the shales. 

On the northern slope of the Anaktuvuk 
Plateau, 3 or 4 miles south of CoUinson Point, 
on the west side of Marsh Creek, there are 
two linear deposits of gravel running east and 
west, at an elevation of 200 to 250 feet above 
sea. The northern deposit covers the brow of 
the upland where it slopes down to the coastal 
plain. The gravels extend 50 to 100 feet down 
the slopes with a slight hummocky topography. 
The deposit strikes rousrhly east and west, and 
can be traced with glasses for 2 or 3 miles. 
Although the strike is nearly in a straight line, 
the altitude is not constant, for the gravels 
undulate with the surfjK^c of the hill through 
a vertical range of perhaps a hundred feet. 
Where they dip into depressions they are 
thicker than elsewhere. 

The second deposit is about a quarter of a 
mile to the south and about 50 feet higher. 
It comprises a moraine-like ridge of gravel 
which nms in almost a straight line parallel 
to the first for nearly a mile along the crest 
of the hill. It is 15 to 30 feet wide and rises 



3 to 12 feet above the gentle slope of the hill. 
There is scarcely any local relief to the top 
of the ridge, but from end to end it may vary 
as much as 50 feet in altitude. The material 
is well rounded; stones from 4 to 6 inches in 
diameter are common, and' a very few reach 
a diameter of a foot. This gravel ridge has 
such a resemblance to an eskcr that it would 
be called one in a region of known glacial de- 
posits. 

Schrader* describes several gravel deposits 
on Anaktuvuk River. About 50 miles from the 
mountains, in several places the bluffs are 
capped by 10 to 40 feet of sand and gravel. 
Some of the pebbles approach the size of 
boulderlets, and even boulders. Schrader is 
of the opinion that these gravels are of glacial 
outwash origin. 

ORIGIN. 

Three hypotheses concerning the origin of 
these linear deposits have been entertained: 
(1) That they are remnants of a blanket de- 
posit; (2) that they are elevated beaches; (3) 
that they are outcrops of vertically dipping 
conglomerate beds in the Pliocene shales. 

(1) If these ridges are remnants of a gen- 
eral deposit their linear form can not be ac- 
counted for. 

(2) The ridges have every aspect of raised 
beaches, except the most important, which is 
horizontality. Instead of lying in a liorizontal 
plane and following the horizontal contours of 
the surface, they lie in a vertical plane and fol- 
low the vertical imdulations. It does not seem 
probable that an originally horizontal beach 
could have been let down into the present posi- 
tion of these gravels as the country was 
eroded. 

(3) If these ridges are considered to be out- 
crops of vertically dipping conglomerate beds 
in the Pliocene shales, many of the difficulties 
of interpretation disappear. Their linear form, 
vertical undulations, and increase in thickness 
in gullies are easily understood. As there are 
difficulties in ascribing their source to Pliocene 
conglomerates, if there are many gravels of a 
later age in the vicinity, the origin of these 
two linear deposits is left for future investi- 
gation. 

1 Schrnder, F. C, A rfK^onnaissance in northern Alaska in 
1901 : U. 8. Geol. Surrey Prof. Paper 20, pp. 87-88, 1004. 



GENERAL GEOLOGY. 



133 



The gravels, with the exception of those in 
the ridges last described, occur in a blanket 
layer over much of the upland in the area 
south of Camden Bay. The size of the stones 
increases toward the mountains and appar- 
ently the thickness of the deposit also. No- 
where has any conspicuous variation in these 
gravels been observed. It is fairly certain that 
they were spread out over the surface of the 
ground before the present cycle of erosion had 
attacked the Anaktuvuk Plateau. Whether 
they were laid down under the ocean or were 
spread out by rivers after the land had 
emerged has not been determined, although 
their general aspect is more in keeping with the 
writer's idea of subaerial deposition. 



AGE. 



The gravels lie upon upturned and eroded 
Pliocene beds. Time must have elapsed during 
the deformation and planation of these beds 
before tlie gravel could have been deposited. 
Although sufficient evidence to determine in 
what i)art of the Pliocene epoch the shales 
were deposited has not been gained from the 
fossils collected, it seems safe to say that this 
epoch must have been entirely consumed in the 
deposition of a thick series of beds, their defor- 
mation, and planation. The age of the gravels 
is therefore put as post-Pliocene. 

It is shown below that there is strong evi- 
dence for believing the Flaxman formation to 
be of Wisconsin age. As no foreign material 
was found among the gravels — certainly none 
of the conspicuous components of the Flaxman 
formation — the gravels could not have been 
laid down under the ocean during Wisconsin 
time. If the gravels are a subaerial deposit, as 
seems most likely, the evidence from the mate- 
rial is negative. From the great amount of 
erosion in the area covered by them, their age 
must be much greater than Wisconsin, so they 
are thought to have been deposited in early 
Pleistocene time. 

The few striations noted among the gravels 
point to the action of ice, either glacial or mov- 
ing river or sea ice. A cold climate is thus 
postulated. If the gravels were the outwash of 
an early glacial stage, a very few boulders 
might be expected to retain their striations 
even after being transported by streams. This 
seems to be the best hypothesis as to their 
origin. 



OLAOIAL DEP0SZT8 (PLEI8T00EVZ). 

In each of the four larger valleys examined 
by the writer definite evidence of the former 
existence of large glaciers was found. Schra- 
der * has reported traces of Pleistocene glacia- 
tion in the Arctic Mountains, along the lo2d 
meridian, and Maddrcn * along the 14:1st merid- 
ian, so it seems probable that the northern 
slopes of these mountains were generally 
glaciated in former times. In the region under 
discussion most of tJic higher peaks still con- 
tain remnants of the ice. 

OKPILAK BIVEB. 

Of the four river valleys examined the val- 
ley of the Okpilak is the most strongly marked 
by glaciation. Although the glacier was prob- 
ably not more than 40 miles long, it was able to 
carve a deep trough in the hard granite of the 
Bomanzof Mountains. 

The area about the head of the west fork is 
at present so deeply covered by snow and ice 
that no evidence was gained as to the depth to 
which the ice formerly filled it. If the upper 
limit of the ice, as determined farther down- 
stream, is taken as a criterion it seems prob- 
able that the ice completely filled the area 
around the headwaters or even rose above the 
highest elevations as an ice cap. At the bend 
where the existing glacier turns from north to 
northeast the upper limit of glaciation can be 
made out by the rough alinement of the tops 
of the truncated spurs. This alinement is very 
irregular, owing to the action of the cliff gla- 
ciers, which has continued from the period of 
maximum glaciation until the present day* 
The evidence is that at the bend of the west 
fork the ice filled the valley to a height of 
about 2,000 feet above the present floor. There 
the highest peaks, perhaps ice capped also, rose 
about a thousand feet above the level of the ice. 
At the point whore the two forks join, the ice 
was nearly 3,000 feet thick, but from this point 
the thickness diminished until at the edge of 
the mountains the ice barely overflowed upon 
the surface of the Anaktuvuk Plateau, which 
lies about 1,500 feet above the river bed. If 
the writer is correct in locating the outermost 
moraines at the northern edge of the upland 
the ice sheet extended only 10 or 12 miles be- 

^ 8chrader» F. C, op. cit, p. 84. 
* Oral commnnlcatioii. 
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yond the mountains, being confined, as far as 
could be determined, within the shallow valley. 
The lower end was less than 1,500 feet above 
sea level. 

The valley of the west fork, which is cut in 
schist, is not U-shaped. In many places the 
slopes are covered with talus and the bottom 
is filled with drift, talus slumps, and alluvial 
cones, so that its glaciated aspect is lost. The 
east fork, though smaller, is more strongly 
marked. Below the forks, in the granite, the 
valley shows evidence of strong ice action. All 
the minor irregularities have been smoothed 
out, leaving a deep trough, which extends 
nearly to the terminal area outside of the 
mountains. In looking up and down the val- 
ley one can scarcely see the narrow breaks 
where the lateral streams enter. The contours 
seem to run without interruption. Just below 
the forks the trough is about 3,000 feet deep, 
with slopes locally as steep as 50°, above which 
gentler slopes lead up to the summits. The 
rock floor is there about half a mile wide. 
Farther north the floor widens and the slopes 
of the trough are somewhat more gentle. 

Throughout the glaciated area only two lat- 
eral valleys were observed to be in adjustment 
with the main valley, and these contained large 
glaciers. The lower parts of all the other val- 
leys have been cut off by glaciation, but instead 
of ending in the air they have built alluvial 
cones out on the flat floor, so that the streams 
now have a graded path to the river. Several of 
the cones rise to an altitude of 500 feet above 
the river. To compute the actual amount of 
deepening of the main valley the preglacial 
gradients of the truncated valleys must be ex- 
trapolated to the middle of the river floor, and 
the amount of postglacial filling on this floor 
must also be considered. Such evidence as the 
writer was able to gather points to a minimum 
deepening of the Okpilak Valley of 300 feet, 
which is much less than its heavily glaciated 
aspect had led him to expect. 

Beyond the fresh moraines at the ends of the 
existing glaciers no heavy body of drift was 
found within the mountains. The slopes are 
too steep to afford lodgment, and what was left 
upon the floor has been buried under the allu- 
vial filling. On the west side of Okpilak River, 
near the north front of the mountains, a bench 
of drift extends for a mile at an elevation of 



about 150 feet above the bed of the river. A 
little farther north, at the edge of the moun- 
tains, where the till deposit is marked oh the 
geologic map (PL II, in pocket), the innermost 
of a series of five or six recessional moraines 
swings out from the west side of the valley and 
rises higher above the valley floor, running 
with a fairly well defined hummocky crest to 
the river, where it has an inside height of 150 
feet. East of the river it fades out into a wide 
area of characteristic terminal morainic topog- 
raphy of low relief. 

The other recessional moraines repeat the 
same features in swinging out from the west 
side as ridges and in flattening out on the east. 
They become fainter and more deeply buried 
by the gravels toward the outside of the belt. 

Within the area in which the ice completely 
filled the valley and spread over the surface 
of the upland, at the front of the mountains, 
the outer limit of glaciation is definitely indi- 
cated on the west side, where it was exam- 
ined. This limit is marked by a series of dis- 
continuous windrows of drift, which in few 
places reach a height of 30 feet and in general 
form only a veneer of granite and schist boul- 
ders upon the sedimentary beds. The highest 
drift was found 1,500 feet above the river bed. 
No lateral moraines could be seen upon the op- 
posite side of the river with the aid of power- 
ful field glasses. 

There does not seem to be any definite termi- 
nal moraine exposed on this river. The drift 
shows in patches here and there above the grav- 
els, and finally disappears, near the northern 
front of the upland. 

The drift upon the valley floor is character- 
ized by the smallness of the boulders in com- 
parison with those of the drift upon the eleva- 
tions. Upon the floor boulders 3 feet in diame- 
ter are rare, but on the higher levels those 
more than 10 feet in diameter are common. 
The largest boulder observed stood 15 to 20 
feet out of the ground upon an alluvial cone at 
the edge of the mountains. It could not have 
been deposited in that place by the ice, but 
must have rolled down from above. Nearly 
all the boulders are of granite. 

No terraces of older gravels were noticed 
within the mountains, where the present allu- 
vial filling has probably buried the original 
glacial outwash ; but among the recessional mo- 
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raines there are older gravels, which are ex- | 
posed in places to a depth of 60 feet. These 
gravels swing out from the west side of the 
valley and curve toward the river with the 
moraines. They are higher than the gravel 
flooring within the moraines, and so must have 
been deposited before the ice uncovered the 
inner area. No doubt they were deposited by 
lateral drainage contemporaneously with the 
moraines. 

Locally on the east and west forks, and con- 
tinuously for 4 or 5 miles below the forks, the 
river has cut a postglacial canyon 10 to 40 feet 
deep in the rock floor. The two side streams 
which are in adjustment with the river also 
have cut shallow postglacial canyons. 

HULAHULA BI\'EB. 

The greater part of Ilulahula River was hur- 
riedly traversed in the winter, and therefore 
but few details as to the extent of former 
glaciation are known. 

Although a heavy stream of ice must have 
flowed from the southern slopes of the Roman- 
zof Mountains and down the northeast fork of 
the river, it is probable that the main body of 
ice came over the divide from the south. The 
valley leading from the divide is large, and it 
is reported to be connected with the Chandalar 
drainage by a wide pass. A coarse-grained 
greenstone boulder was found a few miles up 
this valley. The country rock here is a schist, 
and the natives do not know of any green- 
stones in the vicinity. The most probable 
source of this boulder is south of the divide. 

The evidence of ice action is not marked 
near the forks, and the upper limit of glacia- 
tion was not determined. The lower slopes, 
however, are sufficiently smoothed to indicate 
the former existence of a considerable body of 
ice at that place. About halfway to the north- 
em edge of the mountains ice action is more 
strongly in evidence, and the upper limit of 
glaciation on the west side is shown by tnm- 
cated spurs (PI. XXTV, 5, p. 166), which in- 
dicate that the thickness of the ice here may 
have been about 1,500 feet. On the east side, 
however, the ice coming down from the higher 
Rpmanzof Mountains seems to have overridden 
the tops of the slopes which are visible from 
the river floor. 



It is very probable that the Hulahula Gla- 
cier pushed over the low pass that leads to the 
glacial lakes on Sadlerochit River, joined the 
glacier of that river, and deflected it toward 
the northwest. The great amount of granite 
in the drift of the Sadlerochit Glacier can have 
its source only in the Romanzof Mountains, 
and the most favorable path for the granite 
to have followed to the Sadlerochit Valley is 
through the pass mentioned. 

Beyond the face of the mountains the glacier 
probably filled the wide valley nearly to the 
top of the level-crested ridges, wliich rise more 
than a thousand feet on both sides. Scattered 
over the surface of the snow-covered slopes 
were many short ridges that were thought to 
be composed of drift when viewed from a dis- 
tance. Those examined were all of drift, but 
those more distant may have been outcrops of 
rock. The glacier pushed at least as far south 
as the east end of the Sadlerochit Mountains, 
where heavy deposits of till are exposed along 
the river banks. 

The length of the glacier from the divide 
to its terminus was about 75 miles, but if the 
writer is correct in believing that the center 
of flow was south of the divide, the total length 
was somewhat greater. The altitude of the 
lower end was not determined, but it can not 
have been more than 700 or 800 feet above the 
sea. 

Most of the lateral valleys are at grade with 
the main valley, and there is a considerable 
filling of gravels, so that it is difficult to make 
an estimate of the amount of glacial erosion. 
It must be small in comparison with that of 
the Okpilak. The writer was unable to deter- 
mine whether the hard greenstone dam at the 
edge of the mountains, through which the river 
has cut a canyon 200 or 300 feet deep, extends 
entirely across the valley, or whether there is a 
preglacial channel which is blocked with drift. 
If there is no such channel, the softer rocks up- 
stream f I'om the greenstone must have been cut 
down to their present level by glacial action. 

Near the northern edge of the Anaktuvuk 
Plateau the river banks for a distance of a few 
miles show heavy deposits of till. Exposures 
of till 20 to 30 feet thick are common, and the 
adjacent slopes contain scattered boulders to 
an elevation of about 100 feet above the river. 
Although the deposit of till is heavy, the to- 
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pography is not what would be expected in 
an area of terminal moraines. Instead of the 
usual knob and kettle character of surface, the 
gently rolling upland is in general fairly ma- 
ture. Near the top of the slopes on the east 
side of the river a few scattered patches of drift 
are the only evidence of glaciation. One defi- 
nite ridge on the opposite slope appeared to be 
a short remnant of a lateral moraine, but it 
may have been a rock outcrop. 

Till was noticed in both terminal and lateral 
moraines in the area just within the canyon 
at the entrance to the mountains. These reces- 
sional moraines were not examined in detail. 
In this same locality there were well-marked 
gravel terraces at levels of approximately 10, 
20, and 80 feet. These terraces are perhaps 
due to successive stages in the erosion of the 
greenstone dam across the river below. Be- 
sides these terraces very few deposits of older 
gravels were noted. Patches of gravel were 
seen in the canyon up to elevations of perhaps 
60 feet and just beyqnd the face of the moun- 
tains, at the mouth of the stream coming in 
from the east side, there are gravel banks 50 
feet high. 

Both forks of the river have postglacial 
channels cut in schists, 20 to 40 feet in depth 
and about 100 feet in maximum width. The 
main river flows for the most part over gravels, 
but on the sides of meanders there are local 
rock cuts 10 to 20 feet deep. The canyon, a 
sharp notch cut into a somewhat flat floor of 
hard greenstone, was estimated to have a depth 
of more than 200 feet, but all of this may not 
be due to postglacial erosion. As the gravel 
terraces rise to about 80 feet above the canyon, 
that height may possil)ly represent the amount 
of cutting since glacial time. 



SADLEROCHIT RIVEB. 



During the period of maximum glaciation 
one of the largest glaciers of the region pc- 
cupied the Sadlerochit basin. The evidence 
is strong that the whole ui)land behind the 
Sadlerochit Mountains was filled with ice, 
which was confluent with that of the Hula- 
hula and tlie Canning. The high gathering 
ground has many existing glaciers and one or 
two ice caps, so that at the maximum stage the 
whole area around the headwaters was prob- 



ably filled with ice and only the highest peaks 
emerged above it. As the writer's observations 
terminated at the head of the upper lake, 
nothing is known of the ice above that point. 
The upper limit of the ice is difficult to deter- 
mine at Lake Schrader, for the numerous gla- 
ciers that came down from Mount Chamber- 
lin complicate the situation. Still, an idea 
of the elevation of the surface of the ice may 
be gained from the truncated spurs. This 
elevation is about 2,000 feet above the surface 
of the lake, and to this must be added the un- 
known depth of the lake. Beyond the face of 
the Franklin Mountains the ice coming out of 
the valleys joined and spread over the upland 
basin behind the Sadlerochit Mountains. It 
has been mentioned that part of the ice of the 
Hulahula basin pushed across the low divide 
east of the lakes to join that on the Sadlero- 
chit. 

The open divide between this river and 
Ikiakpuk Valley, which leads to the Canning, 
is estimated to be only 400 or 500 feet above 
Sadlerochit River. That the ice was at least 
1,200 feet thick is shown by the presence of 
two foreign boulders on the top of the isolated 
mountain close to the southwest end of Lake 
Peters. The altitude of this mountain is about 
700 feet above the divide to the Canning, only 
3 miles to the west. The direction of flow was 
probably toward the Canning, as the floor of 
the Sadlerochit is there considerably above 
that of the Canning. 

The divide between Ikiakpaurak Valley and 
the Sadlerochit is also reported to be open and 
low, so that ice may have pushed over into the 
head of this valley, but if so it probably did 
not reach as far as the Canning. 

The Sadlerochit Glacier reached at least as far 
north as the southern slopes of the Sadlerochit 
Mountains. In the basin of Camp 263 Creek, 
which flows southward out of these mountains 
just east of Sunset Pass, there are granite and 
schist boulders, the largest of which are 3 feet 
in diameter, in the creek bed and on the slopes 
up to an elevation of 60 feet above the stream. 
Either a tongue of ice pushed up this creek or 
a small lake was formed by a glacial dam and 
the boulders floated on icebergs to their present 
location. No deposits of till were seen there. 

No foreign boulders were seen on the sotith 
slopes of the mountains near Sunset Pass. 
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The lateral glacial drainage may have swept 
all the drift away as it was deposited. A small 
amount of drift was found near the river at 
the mouth of Camp 2G3 Creek. 

How far the ice pushed downstream around 
the east end of the Sadlcrochit Mountains is 
not laiown. No foreign boulders were seen in 
Itkilyariak Valley, so the ice is not thought 
to have pushed across the divide at Sunset 
Pass, which now lies 700 feet above the river. 

The Sadlerochit glacier was perhaps 50 miles 
in length, and its maximum width was 15 
miles. Its area may have been as much as 400 
square miles. The maximxmi observed thick- 
ness reached by the ice was over 2,000 feet, 
and the lower end of the glacier was perhaps 
1,000 feet above sea level. 

The probable terminal moraine area, which 
is near the east end of Sadlerochit Mountains, 
was not examined. No evidence of heavy 
glacial deposits was found on the north side 
of the river behind these mountains. Several 
miles south of the river, upon the rolling up- 
land, numerous large boulders are scattered 
over the surface of the tundra, but there is 
very little suggestion of glacial topography. 
Boulders 15 feet in diameter were not uncom- 
mon, those of granite being numerous. Sev- 
eral smooth ridges 30 to 50 feet high lead 
down the slopes of the Lake Fork from each 
side. These ridges have much the aspect of 
erosion slopes, except that they are parallel 
and pitch downstream. In places boulder 
dumps, most of which are close to the river, 
show that these ridges are lateral recessional 
moraines. Closer to the lakes, a few ponds, 
piles of boulders, and gravel cones give a more 
definite glacial topography. The granite, 
which was conspicuous nearer the main river, 
disappears as the lakes are approached. 

In the first part of a journey across the up- 
land from the east end of Shublik Mountains 
to Lake Peters very little evidence of glaciation 
was seen, except some large boulders scattered 
over the smoothly rolling tundra. The first 
area which showed definitely glacial topogra- 
phy was in the valley of the stream that flows 
from the gap west of the isolated mountain 
south of Lake Peters*. Here several black 
boulder-strewn ridges of drift pitched down 
the valley, marking the stages of retreat of a 
tongue of ice which pushed through the gap 



above. This same black area of fresh moraines 
continues over the ridge on the east side of the 
stream and spreads out northeast of the moun- 
tain and down into the head of the open valley 
beyond. This black rocky morainic area is in 
strong contrast to the tundra-covered upland 
outside of it. It has a kettle and knob topog- 
raphy of low relief. Where it was examined, 
it has a definite outside limit, which is unusual 
in the region. 

The evident outlet of the lake was dry, even 
before the spring floods had ceased; and the 
waters of this fork must escape by subflow 
under a heavy glacial dam into the valley 
which heads north of the lake. (See p. 57.) 
The thickness of the drift must here be several 
hundred feet. 

There is a conspicuous development of gravel 
terraces on the main river for several miles 
above the mouth of the Lake Fork. The high- 
est terrace, estimated to be 80 feet above the 
river, is well developed on both sides of the 
river, and in places is nearly a mile wide. 
Benches have been cut into this terrace at ap- 
proximately 40, 20, 10, and 5 feet above the 
river. Of these benches that at 20 feet is per- 
haps the best developed. There can be little 
doubt that these terraces were formed by out- 
wash during the retreat of the glacier. 

In the open pass leading from the basin of 
Camp 263 Creek, west of Sunset Pass, to Itkil- 
yariak Creek there is a broad, even-crested 
ridge about a quarter of a mile long, curving 
from northeast to east, which leads up and over 
the low divide. The slopes are very gentle and 
rise about 20 feet above the floor on each side. 
The ridge is composed of cobblestones, but 
boulders a foot in diameter occur sparingly. 
The material is mostly local limestone, but 
there is also a small iimount of foreign rock. 
The ridge has the aspect of an esker, but it 
seems improbable that the ice pushed over this 
divide into Itkilyariak Creek. No drift or 
foreign boulders were found anywhere in this 
valley. 

The Sadlerochit Glacier must have filled the 
eastern end of Ignek Valley, so that the drain- 
age was ponded. The outlet may have been 
westward into Katakturuk River or between 
the ice front and the southern slopes of Sadle- 
rochit Mountains until it escaped through 
Camp 263 Creek into Itkilyariak Valley. The 
absence of granite boulders in Itkilyariak Val- 
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ley, liowover, is remarkable if the Sadlerochit 
(t lacier had an outlet there. There is so little 
drainage in this valley at present that there 
can not have been much alluvial filling since 
glacial time. The stream is sometimes dry 
even in June. 

In postglacial time Sadlerochit Eiver has 
been occupied chiefly in cleaning out the deep 
outwash filling, but it has made many cuts 
against the soft shales on both sides. No defi- 
nite postglacial gorges were noticed. 

CANNING BIVEB. 

Although a glacier perhaps 100 miles long 
is believed to have occupied the valley of 
Canning River, the evidence is not striking ex- 
cept near the forks. The writer's observations 
did not extend above this point, but as low 
passes are reported to exist at the head of both 
forks it is probable that the ice of the Canning 
was confluent with that of the Chandalar. 
North of the Franklin Mountains the glacier 
was joined by a heavy stream coming down 
Ikiakpuk Valley, probably an overflow from 
the Sadlerochit Glacier. Neither Ikiakpaurak 
Valley nor Ignek Valley seem to have con- 
tained ice. At the west end of Sadlerochit 
Mountains the ice rose nearly to the top of Red 
Hill, about 1,000 feet above the river. From 
this point northward scattered deposits of drift 
were noted as far as the front of the Anaktu- 
vuk Plateau. The ice was probably confined 
on the west by the high ridge on that side, but 
, it Hpread out somewhat over the lower upland 
on the east side. No definite outer margin to 
the glacial deposits on this side could be seen 
from oJovated stations in the mountains. 

}iimr the forks, to judge from the truncated 
NpurH, tlie tliickiic^H approached 1,500 feet, but 
in iUi*' opi^n basin just below the evidence shows 
thiit it wuH not over 1,000 feet. The lower 
n\o\Hw of iho iHolat(*d hill which blocks the 
vvmU cnuuuK in from the east were strongly 
rniirki^d by iite, nnd there were foreign boulders 
on till) HidoH. All (>vi(lence of ice action ceased 
tumv IIm^ top of iUi) hill, which is estimated to 
bii iilfoiit 1,000 feet above the river. The notch 
on i\u^ corner of tln^ mountain on the east side 
of the river, iihont 7 miles below the forks, 
i^hirh in Ihonuht to have been cut by lati^ral 
IfUu'Ui] ilniinii^e, in alno about. 1,000 feet above 
l\w river. 



North of the mountains the high ridge on the 
west side of the valley shows patches of dark 
material that have the aspect of short lateral 
moraines, but there, as on the Hulahula, it is 
uncertain w^hether the patches are composed of 
drift or rock. The same thickness of ice — 
1,000 feet — was apparently maintained there 
also, and as far as Red Hill, where the next 
definite evidence was gained. Beyond this 
point there was no evidence to show the thick- 
ness reached by the glacier, except that it over- 
flowed the bluff on the east side as far as the 
northern edge of the upland. The minimum 
thickness necessary for this was only about 
100 feet. 

At the forks, as shown in Plate XV, A (p. 
58), both valleys are U-shaped, with the flooi-s 
freed from all obstructions. Below the forks 
the spurs on the west side have been truncated 
(PI. XXIV, A, p. 166), but the valley loses its 
glacial aspect. There is a roche moutonn^e in 
the. foreground of Plate XV, A, which shows 
plucking. At the edge of the Franklin Moun- 
tains the western slopes show some glacial cut- 
ting, and the rock floor is strongly marked. 

The two valleys which enter from the east a 
short distance above and below the forks show 
well-developed troughs. The contours seem to 
run uninterruptedly from end to end when the 
vallevs are viewed from the main river. Hd- 
akpuk Valley does not show conspicuous evi- 
dences of glaciation, yet there is evidence that 
a heavy stream of ice came down from the 
Sadlerochit Glacier. The writer's investiga- 
tions were confined to the lower few miles of 
Ikiakpuk Valley. There he found moraines 
which marked the end of a tongue of ice that 
filled this valley after the ice of the Canning 
had retreated from the area. The general as- 
pect of Ikiakpaurak and Ignek valleys is the 
same as that of Ikiakpuk Valley, but the ab- 
sence of drift makes it probable that these 
valleys contained no ice. 

No evidence was obtained as to the probable 
amount of glacial erosion on the Canning. 
Within the Franklin Mountains near the forks 
all irregularities have been removed from the 
bottom of the valley. A few miles below, at 
the bend to the north, there is the roche mou- 
tonn^e mentioned above, which lies well out 
toward the middle of the valley floor. A 
couple of glacially sculptured hillocks of rock 
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show above the gravel filling on the west side 
of the river near that place (PL XX, C, p. 
158). North of the Franklin Mountains the 
erosion must have been very slight. Not only 
do the valley walls fail to show severe glacial 
erosion but there are islands composed of soft 
shale and sandstone in the river bed. 

At the junction of the upland with the coastal 
plain, about 20 miles from the ocean, in the 
bluff on the east side of the river, about 40 feet 
of till is exposed, and boulders are scattered 
sparingly over the surface of the adjacent up- 
land. On the north edge of the upland, a mile 
east of the river, there is a conical mound 
which rises 20 to 30 feet above the general level 
of the country, on which there are numerous 
boulders, the largest of which are 3 feet in 
diameter. At the foot of the mound there is 
a depression occupied by a pond. Her^ we 
have an isolated knob and kettle. From this 
mound a few similar patches of drift can be 
seen scattered over the tundra upland and also 
several small ponds. The general character of 
the upland is there, as elsewhere, gently roll- 
ing, without any suggestion of a glacial topog- 
raphy except at the isolated piles of boulders. 

Several cuts in the east bank above this lo- 
cality show exposures of till from 10 to 20 feet 
thick, and there were no exposures of rock, so 
that there is probably an area at the northern 
edge of the upland underlain by till. The out- 
side limit of the till deposit is indefinite, ex- 
cept at the north, where it ends at the com- 
mencement of the coastal plain, and on the 
west, where it ends at the river. 

Between this area of till and the west end of 
Sadlerochit Mountains there were scattered 
boulders on the top of the bluff on the east 
side of the river. About halfway to the moun- 
tains on the west side and close to the river 
there is an apparently deep pond, which may 
occupy a kettle. 

On top of Red Hill there are scattered boul- 
ders and a few dumps 10 to 20 feet high, but no 
continuous moraines. While the snow was still 
on the ground these patches seemed to have a 
fairly definite trend, running from a point near 
the bottom of the hill on the southeast side, up 
the side, and swinging to the north over the top 
of the hill. As no glacial material was found 
east of this line it is tentatively regarded as the 
limit of maximum glaciation. No drift was 



observed in Ignek Valley and only a few 
patches at the western foot of Shublik Moun- 
tains. At the southwest corner of these moun- 
tains, at the entrance to Ikiakpaurak Valley, 
two well-defined ridges curve around from the 
east about 300 feet above the river. The upper 
ridge forms a bench against the mountain slopes 
and is separated from the lower one by a de- 
pression 60 feet deep. At the place where 
Shublik Springs has cut a trench through these 
moraines there are many boulders exposed. It 
is not known whether these moraines mark a 
recessional stage of glaciation or whether at the 
maximum the ice stood out from the mountain 
slopes at this corner. 

The next extensive deposits are on the flat 
at the west end of the Third Bange of moim- 
tains. Here is an evident recessional moraine 
of a tongue of ice which came down Ikiakpuk 
Valley. A crescentic ridge swings out from a 
continuation of the end of the Third Bange and 
curves southwest and south to the north bank 
of Ikiakpuk Creek. On the south side it runs 
southeast toward the foot of the Franklin 
Mountains. This ridge is over half a mile long 
and locally rises nearly 100 feet above the 
alluvial flat to the west and about 30 feet 
above the area which it incloses. A gap has 
been cut through the ridge, apparently by 
glacial drainage at the time of the deposition. 
The material is mostly of small size, boulders 
2 feet in diameter being rare. At the river 
bluffs there are exposures of till which extend 
to the river bed, so that the thickness must be 
more than 100 feet. 

On the north side of Ikiakpaurak Valley, 
opposite this moraine, no evidence of glacia- 
tion was found. Within the Franklin Moun- 
tains there were only a few scattered deposits 
of till, the chief one lying on the east side of 
the river and 2 or 3 miles above the rock canyon 
at the odge of the mountains. 

The Canning Valley within the Franklin 
Mountains is floored for the first 6 to 8 miles 
with gravels, which rise to an elevation of 40 
feet above the river bed. On the west side, 
near the edge of the mountains, there is a flat 
nearly a mile wide, but on the east side there is 
only a narrow bench along the base of the 
mountains. Several gravel mounds rise above 
this flat. The largest mound, which is 30 feet 
high, was composed of stones, the largest of 
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which are 6 inches in diameter. North of the 
mountains the flat on the west side of the river 
continues for several miles at the base of the 
upland slopes. 

A heavy deposit of gravel runs out from the 
valley which enters Ignek Valley on the south 
side near the west end of Shublik Mountains. 
The uppermost level is about 30 feet, and there 
are three lower terraces. The material is very 
coarse. Boulders 2 feet or less in diameter, 
mostly of limestone, were seen. These gravels 
have to a great extent been cleaned out of the 
lower end of Ignek Valley, but on the south 
side, along the base of the mountains, the 30- 
foot level is maintained in a bench half a mile 
wide, nearly to the Canning. A corresponding 
gravel bank rises out of the flat on the north 
side of the stream and ends half a mile below, 
abreast of the flat just mentioned. On the 
same side of the creek, a mile above, there is a 
hummocky deposit of material, which from a 
distance appeared to be gravel. It is 100 yards 
long and about 20 feet high and may be a 
slumped remnant of the old gravel terrace. 

North of Sadlerochit Mountains, terraces 
were observed on both sides of the river, but 
they were not investigated. The most notice- 
able one, perhaps 15 feet high, fills the flat be- 
tween the river and the hills on the west side 
near the northern edge of the upland and after 
extending a few miles beyond the upland fades 
out into the coastal plain. 

The notch at the corner of the mountains a 
few miles below the forks was probably cut by 
lateral glacial drainage. The elevation is about 
at the upper limit of ice shown elsewhere in the 
neighborhood. The cut is steep and narrow, 
about 300 yards long and more than 200 feet 
deep (PI. XV, B, p. 58). The bottom is full 
of talus, so that the real depth could not be 
ascertained. This gorge seems to be rather a 
cut in the mountain side than the result of a 
displacement of a block, for the bedding is 
parallel to that of the mountain. There is a 
second notch at the same locality, perhaps 25 
feet deep, at an elevation of 500 feet above the 
river. 

No other evidence of lateral glacial drainage 
was noted between this notch and the terraces 
leading out from the west end of the Shublik 
Mountains into Ignek Valley. These heavy 
gravels were probably deposited by a glacial 



stream which cut through the low pass in the 
west end of these mountains. This route was 
not examined, but the divide can hardly be 
more than 400 or 500 feet above Ikiakpaurak 
Valley. 

In the gap between Red Hill and Sadlero- 
chit Mountains the divide is only 70 or 80 feet 
above Ignek Creek and there are here two or 
three rock canyons which are not at present 
occupied by streams. If the limit of the ice 
is correctly placed at the top of Red Hill, 
lateral glacial drainage as well as the ponded 
waters of Ignek Creek would find an easy out- 
let over this divide into Tamayariak Creek. 
Near the point where this creek empties into 
the Canning the writer crossed a wide expanse 
of coarse gravels with stream lines. These 
probably represent glacial outwash through 
the gap behind Red Hill. 

The west fork of the Canning is reported to 
have several rock canyons 50 feet or more deep, 
through which it is impossible to go on foot. 
The streams on the east side near the forks 
have cut rock canyons 20 to 30 feet deep. The 
rock gorge at the edge of Franklin Mountains 
is perhaps 60 feet deep and a couple of hun- 
dred yards wide; it is cut in limestone and 
quartzite* 



MABSH CREEK. 



The north side of Sadlerochit Mountains 
in the neighborhood of Marsh Creek does not 
have a glaciated aspect, though there is a de- 
posit at the foot of these mountains which 
seems to be of glacial origin. The top of the 
isolated hill about 2 miles west of the point 
where the creek flows out of the mountains 
is apparently covered with till. The boulders, 
some of which are 2 feet in diameter, are 
chiefly of limestone and the others are of sand- 
stone; both varieties are of local origin. The 
elevation of this deposit is 300 or 400 feet above 
the creek bed. 

A mile or so to the northeast the top of the 
ridge that lies on the west side of the creek is 
covered by a boulder deposit, which runs for 
half a mile along the bank like a lateral mo- 
raine. This deposit is about 100 feet wide 
and rises 20 to 30 feet above the general level 
of the top of the ridge. The material is chiefly 
limestone and sandstone. The largest lime- 
stone boulders are 2 feet in diameter, but the 
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sandstone boulders are mostly small. One 
boulder had markings which might have been 
either glacial striae or slickensides. The ex- 
posures in the bluff showed Ignek shales im- 
mediately beneath this supposed drift. 

On the opposite side of the creek the surface 
of the upLmd was sprinkled with small sub- 
angular boulders of sandstone. No striae were 
found. The absence of limestone is probably 
due to calcining by the heat of the burning 
coal beds of the Ignek formation. This fea- 
ture was also noticed locally on top of the bluff 
just described. 

As noted under the heading " Upland grav- 
els" (p. 130), the Anaktuvuk Plateau north of 
the east end of the Sadlerochit Mountains is 
generally covered by a bed of outwash. The 
material ranges in size from cobblestones near 
the coast to boulders 2 feet in diameter near 
the mountains. Some faint striae were found 
on these gravels. Although the driftlike de- 
posits at the head of Marsh Creek, described 
above, may belong to the upland gravels, their 
much fresher appearance and their topography 
points to a glacial origin. 

EXTENT AND CHABACTEB OF PLEISTOCENE OLACIATION. 

No evidence was seen of any former ice cap 
which covered more than individual peaks, 
except in the Romanzof Mountains. Here the 
area about the headwaters of the Okpilak and 
smaller areas around the heads of the lateral 
streams may have been completely buried un- 
der ice. Neither is there any evidence of a 
piedmont glacier outside of the Arctic Moun- 
tains, as suggested by Schrader^ for the Col- 
ville region, where the glaciers deployed from 
the mountains with a thickness sufficient to 
cover the Anaktuvuk to a depth of 800 to 
1,000 feet.* 

With the exception of the granite boulders 
derived from the Romanzof Mountains, the 
drift is characterized by the smallness of its 
material. Few boulder^ of other materials ex- 
ceed 2 feet in diameter and many of the fresher 
moraines show none larger than 1 foot. The 
till as seen in the few good exposures has the 
same general appearance as that in the western 
mountains of the United States. The matrix 



* Schrader, F. C, op. dt. p. 91. 

* Idem, p. 86. 



is light in color, not the blue-gray that is com- 
mon in the younger boulder clay of the Mis- 
sissippi Valley. 

Striae are not common on surface boulders. 
If striae had been cut on the limestones they 
would soon have been lost by weathering. 
The limestone gravels of the fresh river bars 
are smooth to the touch, but by the time the 
bars have been covered with vegetation the 
limestone has become roughened or pitted. 
The glacial boulders of the mountains are in 
strong contrast to those of the Flaxman forma- 
tion with respect to striations. The limestones 
of the Flaxman formation are beautifully 
marked, and even the crystalline boulders have 
minor flutings. 

The bedrock of the mountains is also in gen- 
eral free from striae. Even on the roche mou- 
tonn^e shown in Plate XV, A (p. 58), there 
are none. The granite shows a few markings, 
but nothing approaching fluting was observed. 

No deposits of definitely older drift were 
found, but some of the material of the upland 
gravels may be of glacial origin. If so, an 
earlier ice sheet is postulated. 

The gradual disappearance of the scattered 
patches of till in the terminal area of Okpilak 
River has been mentioned. Those patches 
probably represent the higher portions of a 
body of drift which is buried by later outwash. 
On Hulahula River there was a heavy body 
of drift with a nonglacial topography. Patches 
of drift were scattered over the surface here 
and there. The terminal area of the Sad- 
lerochit Glacier was not investigated, but in 
the upland basin there are also isolated patches 
of drift and boulders are scattered over the 
smooth tundra-covered slopes of a heavy de- 
posit of till. The Canning, at the northern 
edge of the upland, shows similar features. 

These deposits of terminal drift have every 
appearance of equal age and probably repre- 
sent the deposits of the same period of glacia- 
tion. 

Marked recessional moraines were noted on 
each of the four larger rivers. They were all 
characterized by fresh glacial topography, in 
great contrast with the drift areas outside of 
them. The approximate ratio of maximum 
length of the glaciers, as shown by the outer- 
most deposits, to that at the recessional mo- 
raines, is as follows: Okpilak, 4:3; Hulahula, 
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3:2; Sadlerochit, 5:3. The recessional mo- 
raine on the Canning was not formed by the 
main ice sheet but by a lateral feeder in 
Ikiakpiik Valley. These fresh moraines are 
correlated together as marking the same stage 
of glaciation. 

As far as the evidence goes, the ice may have 
either retreated gradually to the place where 
the recessional moraines are found and halted 
there long enough to deposit a considerable 
amount of drift, or it may have retreated to a 
point within these moraines and then may have 
advanced again. The topography of the iso- 
lated patches of surface drift in the terminal 
areas is not greatly different from that in the 
recessional areas, so that both of the drift areas 
were probably deposited during a single ice ad- 
vance and retreat. 

The exposures of drift in the river banks 
do not differ markedly from those of Wis- 
consin drift in the mountains of the western 
United States, but they should not be corre- 
lated on account of their unweathered aspect 
alone. The till of the northern region is at 
present frozen, and unless the climate has been 
much warmer in the past, it has been frozen 
ever since its deposition. 

The postglacial erosion in the Arctic Moun- 
tains, as shown by rock gorges, is about the 
same as in the Rocky Mountains farther south. 
The weathering of the mountain slopes is also 
about the same. In the granite trough of the 
Okpilak slopes of 50° still exist, and in other 
areas the slopes are covered with talus. 

The only feature in which the Arctic glacial 
topography differs from that of Wisconsin 
age in the United States is the surface aspect 
of the outermost till deposits. Instead of the 
boulder-covered knob and kettle topography, 
there is a gently undulating tundra plain, 
which here and there shows a boulder, a knob, 
or a kettle. The writer has tried four hy- 
potheses to account for this peculiarity: (1) 
The irregularities may have been filled in with 
peat, leaving only the highest knobs exposed. 
(2) The irregularities may have been similarly 
filled with outwash. (3) The till may be of 
pre-Wisconsin age. (4) The till may have 
been deposited under water. 

No doubt vegetation has done some filling, 
but there are so many unburied boulders on 



the surface that such filling can not amount to 
much. Outwash mav verv well have buried 
the moraines on the floor of the Okpilak, but 
such a postglacial covering could not have been 
spread over the upland, in which there are 
valleys more than 100 feet deep. If such fill- 
ing had occurred the resulting topography 
would be unmistakable. The isolated knobs, 
ponds, and surface boulders can hardly have 
lasted since pre-Wisconsin times, but the gen- 
eral aspect of the surface of the deposits is in 
keeping with such an age. 

If the till was laid down under water, the 
present aspect of the desposits might be ac- 
coimted for. The writer has never seen defi- 
nitely water-laid glacial deposits elsewhere, nor 
has he found descriptions of them in the litera- 
ture, so he can not discuss the probability that 
the till in this region was deposited under 
water. Such a great depression of the land as 
would bring the ocean nearly to the mountains 
needs strong corroborative evidence before be- 
ing advanced as probable. The only evidence 
that the wrjter can present is that the sea level 
was not greatly different in Wisconsin time 
from that of to-day. If the ocean had reached 
the ends of the glaciers, icebergs would have 
transported material along the coast and for- 
eign material would have been deposited on the 
area* overlain by water. No foreign material 
was observed anywhere, and such rocks as 
granite could hardly have escaped notice; Also 
the peculiar distribution of the Flaxman for- 
mation, which is considered to be of Wisconsin 
age, points to a nearly constant sea level since 
Wisconsin time. 

The outside areas of till most probably were 
deposited during Wisconsin time, but under 
conditions that gave them a topography dif- 
ferent from that which is usually found in the 
United States for moraines of this age. 

FLAXICAN FORMATION (FLEISTOCEKE). 

The Flaxman formation is defined as a de- 
posit of foreign glacial till, possibly contain- 
ing glacial ice, scattered along the Arctic coast 
line of America. Individual boulders of this 
formation are spoken of as Flaxman boulders. 
The formation is named from Flaxman Island^ 
where it is well exposed. 
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A. WEST SHORE OF FLAXMAM ISLAND. SHOWING GLACIAI. BOULDERS ON THE BEACH. 




B. STRIATED GHBENSTONE. FIAXMAN FORMATION. 




C. STRIATED UUE9T0NE. riAXHAN FORMATION. 
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The till is composed of clay, boulders, grav- 
els, and sands, in proportions similar to those 
of the groimd moraines in the United States. 
The clay is dark blue-gray in color where it is 
found free from mixtures of muck and sand. 

The boulders are the most noticeable content 
of the till. They are very striking when con- 
centrated along the beach under a retreating 
bank, where they may he so abundant as to 
cover the ground or even to form piles of rock. 
Many of them have the characteristic outlines 
of glacial boulders, but others are angular and 
shattered by the frost. The largest ones nro 
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Descriptions of some of the conspicuous crys- 
talline rocks, by J. B. Mertie, jr., of the United 
Stiites Geological Survey, are appended. Al- 
though the beach was carefully examined for 
fossiliferous limestone, only one specimen was 
found. The report on the fossils from this 
rock has not been received. 

llicrogcopic character of bouldert and pebbles of 
igneoug rockt in the Flaxman formation. 

No. (8-11) ALL Coarae-KTBined quartz dtab&ae. 
Texture : Ophltlc fabric. Constltneiits : Auglte, alter- 
iDg to urallte (Sbroas) ; urallte. Id places spbernlltic; 
some feniic mineral, possibly bloClte. completely altered 
to tulc( ?l ; pliLgloclase. centers labradortte, rlras more 
iicldic; alterfttloQ product, serlclte; quartz here and 
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at least 10 feet in diameter, but most of them 
are less than 2 feet. A 4-foot boulder is an 
exception (PI. XVI, A and B; fig. 9). 

The variety of rocks is also striking. The 
most conspicuou.s, in both color and abundance, 
are the qnartziles, which are pink, red, and 
purple and commonly banded, cross-bedded, or 
conglomeratic. Dark greenstones are also very 
abundajit, but not so noticeable as the pink and 
red granites. The limestones are mostly light- 
colored. 

Boulders of all kinds and .sizes, with the pos- 
sible exception of the granites, are striated, 
and many of them are planed off. The lime- 
stones, as usual, show this feature in a more 
pronounced fashion than the other rocks. 
Every indication of strong glacial action is 
given by these boulders. <See PI. XVI, B 
and C.) 



there lntergro«n graphically with feldspar, a little 
apatite, 

A hne example of uralltlzntlon of pyroxene. 

No. (8-11) A L 2. Diabuse. Texture: Ophltlc fab- 
ric. Constituents: Augltc, altering to chlorite; plagio- 
clase, much serlcltlzed, probably labradorlte; iron 
oxkles ; n Uttle apatite. 

I'rulinilcl ?). socimdary. 

No. (8-11) A L 3. Hornblende Brnnlte. Texture: 
Hyiildlomorpliic granular. Constituents: Ollgoclose, 
altered in large part; mlcrocllne (fresh); quurtE; 
.some C|Uurtz and potash feldspar grnphlcnlly Inter- 
grown; liomblende; a little blotite; beautiful ruflle 
iH^edles pt'ni'trato the biotlte und divide It Into trl- 
aiiKles; aputlie and tltanlte; chlorite (strondary). 

Evidently a soda-rich granite, for the acid plagloclase 
prolmbly exceeds the mlcrocllne In amount. To be re- 
garded lis an Intermediate type between the Hupaklwl 
granite and the normal granitic type. 

N.>. (8-11) A L 4. Granite (hl.nltel. Texture: 
Hypldlomorphlc granular. Constituents : Ollgncluse, 
very largely altered, but commonly surrounded by a 
very narrow rim of unaltered or secondary feldspar ; 
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mlcrocline, quite fresh; quartz ;' blotite (somewhat 
chloritizeil) ; niuscovite; apatite. 

A i)e<.'uliar type of granite. The acid plagioclase, as 
iu specimen No. 3, is more plentiful than the micro- 
cline. Probably rich In soda. Related to Rapal^lwl 
type of granite. 

No. (8-11) A L 5. Biotite granite. Texture: Hypi- 
diomorphic granular. Constituents : Ollgoclase, largely 
altered; mlcrocline, less abundant than oligoclase; 
quartz; biotite, somewhat chloritized; a little musco- 
vite; apatite. 

No. (8-11) A L 6. Basalt. Texture: Intersertal 
fabric; considerable glass; docrystalline. Constitu- 
ents: Augite; plagioclase laths, too much altered for 
exact determination ; black glass. 

No'. (8-11) ALT. Diabase. Texture: Ophltlc 
fabric. Constituents: Augite; plagioclase, altered to 
chloritic products and serlclte; a little glass. 

The Flaxman formation presents a striking 
contrast to the glacial deposits of the Arctic 
Mountains to the south. None of the Flaxman 
rocks are known to exist in the interior, either 
in moraines or in place. The till of the inland 
region is composed cliiefly of sjindstones, lime- 
stones, and metamorphic rocks, none of which 
have been identified in the Flaxman formation. 
Striae are rare inland but abundant on the 
Flaxman boulders along the coast. 

The view was long held that the whole of 
Flaxman Island was underlain by a sheet of 
ice, which, as it had till upon it and was granu- 
lated, must be glacier ice. Later insight into 
the character of ground ice in general and into 
that of the island in particular has caused the 
writer not only to abandon the idea of a con- 
tinuous sheet of ice but to doubt whether any 
of the ice is glacial. As wedge-shaped masses 
of ice grow in place in the ground, the pres- 
ence of till above such ice shows that the till is 
older than and not contemporaneous with or 
younger than the ice. Also the wedge-shaped 
masses of ice are granulated, so as to resemble 
glacier or snow ice. 

Although most of the ice seen in the good ex- 
posures on the north side of the island in the 
summer of 1914 was in the form of wedges, 
there were complicated exposures that did not 
seeni to have this structure.^ Also there were 
two places where the ice showed structures 
which can not be explained by the growth of 
wedges. One of these resembled a shear zone. 

The structure revealed in the excavation of 
the ice cellar on the island presents some fea- 
tures which may favor a glacial origin for the 



ice in that spot. The site of the ice house was 
in the middle of one of the elevated polygon 
blocks described under the heading "Ground 
ice wedges" (p. 205). The excavation was 
about 4 feet in diameter at the top but broadens 
out to 8 feet or more at the bottom. The 
depth was about 9 feet. At the bottom niches 
were cut 4 feet deep into three of the sides, 
giving a maximum length of about 16 feet 
and a width of 12 feet. With the exception of 
a foot or two of clay at the top and a few 
inclusions of earth the excavation revealed 
solid ice. The sailors who dug the cellar in 
1907, while the writer was absent, reported 
that they met with sand, at the bottom. 

A specimen of the ice from the walls of the 
cellar was allowed to lie in the shade. It soon 
showed polygonal grains about half an inch in 
diameter. Numerous minute air bubbles were 
somewhat evenly distributed throughout the 
specimen. The ice walls of the cellar showed 
markings of two kinds — whitish vertical lines 
from concentration of air bubbles, and wavy 
inclined lines formed bv dustlike inclusions in 
the ice. That these lines were the intersections 
of planes with the surface of the walls could 
be seen at the corners of the cellar. 

Near the bottom of the cellar there were sev- 
eral small inclusions of very fine sand. 

The greatest width of the ice wedges in the 
region is about 10 feet near the top, and not 
over 6 or 7 feet at a depth of 9 feet. The ice 
liouse exposes at least 12 feet of ice in its nar- 
rowest dimension. The wedges of ice sur- 
round polygonal blocks of ground which are 
free from ice, but the cellar is constructed in 
the middle of such a polygonal block and 
should show no ice of wedge-shaped structure. 
Either the wedges have here grown into con- 
tact to form a solid sheet of ice, such, as is 
found in the New Siberian Islands, or the ice 
is of an entirely different origin. 

The granulation is not in itself indicative of 
an origin either in ice or in snow, for the wedge- 
shaped masses of ice may also be granular. 
The small size of the granules is in keeping 
with what has been said of glacier ice in cold 
climates. The wavy planes of dustlike inclu- 
sions are strongly suggestive of an origin in 
snow, and their presence in the wedge-shaped 
masses can not be accounted for; the vertical 
arrangement of air bubbles, however, is a char- 
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acteristic of wedge-shaped ice. The inclusions 
of sand point strongly toward glacial origin, 
as such pockets would hardly occur in other 
ice, according to present knowledge. The ma- 
terial in this sand, as determined by J. B. 
Mertie, jr., is quartz and chloritized feldspar 
in about equal amounts. Such sand may very 
well have originated out of the material of the 
Flaiunan formation and so is not in opposition 
to a glacial origin. Had it been composed of 
material from the country rocks, a glacial 
source would be impossible. 

The question whether any of the ground ice 
in areas containing the Flaxman till is of 
glacial origin must be left open, but on the 
whole the evidence favors the view that there 
may be some glacial ice. 



OCCUBBENCE. 



The Flaxman formation as a whole, its con- 
tent of possible glacial ice excepted, forms 
a thin surface layer. In the type locality, at 
Flaxman Island, it is broken up by wedges 
of ground ice and intermingled with muck and 
peat, so that its original distribution is uncer- 
tain. The boulder clay is not abundant' and 
is scarcely 3 feet thick in the maximum ex- 
posure. The boulders are mostly superficial. 
One was seen embedded in the ground at a 
depth of 2 feet and two embedded in the ice 
itself. Sands and scattered pebbles of Flax- 
man origin have been seen to depths of 12 feet 
below the surface of the tundra. 

At Heald Point' Flaxman till underlies about 
12 feet of silt. The exposure showed only 2 
or 3 feet of blue clay containing boulders. 
Nearly all the other localities revealed nothing 
but boulders scattered over the surface of the 
tundra or else concentrated in numbers along 
the bv-ach. Isolated boulders may be observed 
almost anywhere along the beaches and occa- 
sionally upon the tundra. 

The coast east of Barter Island was traversed 
only in winter. A few greenstone boulders 
were observed protruding through the snow 
which covered the beach near Demarcation 
Pointw A. G. Maddren, of the United States 
Geological Survey, who visited this locality as 
geologist with the International Boundary 
Commission in the summer of 1912, reports 
that there are boulders not only upon the beach 
but upon the tundra as well. They were con- 
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fined to a belt about 200 yards in width along 
the coast and were not at any place more than 
25 feet above sea level. Mr. Maddren is of 
the opinion that they may have been shoved 
up on the tundra by the sea ice. After look- 
ing over the hand specimens collected by the 
writer in the type locality at Flaxman Island 
Mr. Maddren is of the opinion that similar 
specimens could be found at Demarcation 
Point. 

From Martin Point westward the lyhole 
coast line, except in the delta islands and a 
few shallow bays, was traversed on foot as far 
as Oliktok, at the eastern side of the Colville 
delta. From Oliktok to a point about 40 
miles beyond Point Barrow probably more 
than half of the coast line has been closely 
examined, either on foot or from a small boat 
along the beach. 

A single greenstone boulder about 2^ feet in 
diameter lies on the spit which joins Manning 
Point' with the mainland. Another green- 
stone boulder, 2 feet in diameter, is nearly 
buried in the flat on the south side of Barter 
Island. There is also a boulder lying about 
a foot below the surface of the water near the 
southwest corner of this flat. Flaxman boul- 
ders occur in some numbers along the foot of 
the high bank that runs for a mile or so to 
the west of CoUinson Point. No boulders 
were seen on the tundra and none in the bank. 

Franklin mentions an island lying between 
Collinson Point and Konganevik which he 
named " Boulder Island." Collinson also men- 
tions it, and it is still upon the maps, though 
it has now been cut away. A shoal, however, 
still marks its former location. There can be 
no doubt that the boulders were of the Flax- 
man formation. 

From Konganevik to Brownlow Point, a dis- 
tance of about 20 miles, the tundra contains 
scattered boulders in a belt about a mile wide. 
They are also numerous along the beach, and 
a few large ones lie in the water some distance 
from the land. The area occupied by the boul- 
ders is generally of greater elevation than the 
land behind it, especially between the two 
mouths of Canning River. In crossing the 
tundra about 5 miles from the shore and paral- 
lel with this belt no boulders were seen. Flax- 
man Island, about 3^ miles long and nearly a 
mile wide, falls in line with this belt. 
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A few scattered boulders were seen upon the 
mainland beach between Flaxman Island and 
BuUen Point but none upon the tundra. A 
few boulders lie on the beach just beyond Bul- 
len Point and one on top of a 6-foot bank. 
On a point of the mainland southeast of Tig- 
variak Island there are abundant boulders 
along the beach and a few on the surface of 
the tundra. On Tigvariak Island the Flax- 
man formation is typically developed; boul- 
ders %s large as 6 feet in diameter occur on the 
tundra, and there are many along the beach. 
The beach wash is reddish. There are a few 
boulders along the foot of the bank east of 
Kadleroshilik Biver but none upon the tundra. 

Foggy Island seems to be mostly covered 
with tte Flaxman formation. The writer has 
visited only the northern end, where numerous 
boulders were observed upon the tundra as 
well as upon the beach. Reports both by 
Stef&nsson and by natives show that the same 
is true of the southern end of the island. 

At Heald Point, as already mentioned, a bed 
of till underlies about 10 feet of silt. A small 
sand island about a mile northwest of Heald 
Point contains a block of tundra which is 
about 40 yards in diameter and from 4 to 5 
feet high. There are numerous large boulders 
upon the tundra, upon the beach, and in the 
water. About 3 miles southwest of Heald 
Point, in what appeared in winter to be the 
bottom of a drained pond, many boulders were 
seen sticking up through the snow. 

At Point Storkersen, on the west side of 
Prudhoe Bay, there are many boulders along 
the beach for about half a mile, but none were 
seen upon the tundra. The source of these 
boulders may have been in an underlying till 
bed, as at Heald Point, but as the banks were 
slumped at the time of examination this could 
not be verified. In the estuary of Fawn Creek 
IB^reenstoncs and granites were seen both in the 
water and upon the tundra 5 or 6 feet above it, 
but there was not enough foreign material to 
fpve the characteristic reddish tinge to the 
beach sands. The exposed material in the 
banlcA showed the usual sandy loam with black 
and buff chert pobbles. From this estuary 
hUmg the lK*a(*h (o the southwest toward the 
nufuth of Kupfiruk Kivor boulders were fairly 
ninitulnut^ ttiul in one place numerous, but none 
wi*ri^ ui^i'ti on IImi tundra. 



The mainland between Kuparuk River and 
Oliktok revealed no boulders in the portion 
which was examined. At Cottle and Bodfish 
islands of the Jones Islands there were a few 
boulders on the beach and in the water. The 
surface material of these islands is local. 
Leavitt Island has no boulders on the north 
side, but natives report a few on the opposite 
beach. At Oliktok there are a few small 
boulders on the beach, and some Flaxman ma- 
terial in the beach wash. 

Boulders must be rare between Oliktok and 
Point Barrow, else the writer would have seen 
some of them during his several trips along 
this coast. There is an unpublished account of 
one in Schrader's notebooks of his trip down 
Colville River in 1901. It was a striated and 
grooved boulder of mountain quartzite over a 
foot in diameter in the estuary of a small creek 
west of camp August 18, in the head of Har- 
rison Bay, west of Colville River. Although 
Schrader describes it as " mountain quartzite,'^ 
there can be no doubt that such a glacial 
boulder belongs to the Flaxman formation. 
The prospector Arey has reported a large 
crystalline boulder embedded in the tundra at 
Cape Simpson, near the asphaltum mound. 
This report is confirmed by Stefdnsson. (See 
p. 149.) Another, a greenstone of large size, is 
said by Arey to lie in the water near the east 
side of Dease Inlet, about 4 miles south of 
Point Tangent. Dease and Simpson saw the 
same boulder in 1837. (See p. 75.) Natives 
have reported that there are a few small boul- 
ders on the tundra near Barrow. This report 
is also confirmed by Stefdnsson. There is a 
noticeable amount of Flaxman material in the 
beach wash at Barrow. 

The Flaxman formation is a deposit of 
glacial till of foreign origin. It is confined ta 
the coast line and rarely extends a mile inland. 
It is not continuous along the coast but occurs 
in patches. Typical deposits occur near the 
mouths of Canning, Shaviovik, and Saga- 
vanirktok rivers, but the coast between these 
localities is nearly free from the formation. 



ORIGIN. 



As an evident glacial deposit was found near 
the mouth of Canning River, the writer at first 
thought the source of the material was in the 
mountains that are visible to the south. Later 
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investigation, however, showed that there is 
neither any source fo^ the material in these 
mountains nor is there any evidence that the 
inland glaciers came within 20 miles of the 
coast. The absence of foreign material in the 
glacial deposits of the mountains prohibits 
such a hypothesis, even if a possible source of 
the boulders could be found. The same ob- 
jection holds against transportation of the 
foreign material to the coast by an ice sheet 
of an earlier glacial epoch. 

As a possible origin for the formation is not 
found on the land, it is necessary to look for 
one in the sea. The only workable hypothesis 
is that the foreign material was brought into its 
present location either by an ice sheet that ex- 
tended over the Arctic Ocean or by floating ice- 
bergs. It seems scarcely possible that an ice 
sheet could have extended along the coast of 
Alaska without leaving conspicuous marks of 
its presence. The material was probably trans- 
ported by icebergs. 

A glacier that entered the Arctic Ocean from 
a region which contains the rocks found in 
the Flaxman formation may have carried the 
material to the sea. Bergs are supposed to 
have broken off the end of the glacier and to 
have floated along the north shore of Alaska, 
dropping boulders and till upon the bottom of 
the ocean and perhaps grounding permanently 
here and there. The grounded berg gradually 
wasted away until a deposit of drift was left 
to mark its place. Possibly some of the orig- 
inal ice has remained until the present day as 
ground ice. 

Flaxman, Tigvariak, and Foggy islands are 
suggestive of such grounded icebergs, two of 
them being even higher than the mainland be- 
hind them. The boulder-covered area between 
the two mouths of Canning River strongly 
suggests an island which lay across the former 
mouth of the river. The angular bend of the 
east mouth against the higher Flaxman area 
is significant. The long, narrow point of land 
at Konganevik is separated from the main 
land by a belt of tundra much lower than the 
land on either side, much as if an island had 
been connected with the mainland. Boulder 

ft 

Island of Franklin is another illustration of 
the same feature. 

The Flaxman formation is found at a maxi- 
mum elevation of 25 feet above the present sea 



level ; consequently the land has been elevated 
at least that amount, if the material was 
dropped from floating bergs. The probable 
amount is nnich greater, for the smallest berg 
capable of floating the largest boulders would 
draw many feet of water. A berg bearing 
sufficient material to make a notable deposit of 
drift would probably draw 200 or 300 feet. 
If the material was concentrated upon the top 
of a grounded berg, so that some of the ice was 
preserved, as may possibly have occurred, the 
process is difficult to conceive. It is improb- 
able that any ice could exist for a great length 
of time under the ocean, even if covered by a 
considerable layer of earth. Consequently the 
top of the berg must have remained above sea 
level while the berg was melting away. This 
relation necessitates a rapid lowering of the 
ocean. The difficulties encountered in this view 
make it very unlikely that there is any glacial 
ice in the Flaxman formation, although the 
field evidence favors its existence. 

Most probably the moving bergs scattered 
material over the bottom and the grounded 
bergs made local deposits of some thickness as 
they melted or broke up under the action of 
the waves. 

A single berg as large as Flaxman Island is 
not extraordinary in comparison with those of 
the Antarctic Ocean, but it is not necessary to 
postulate a single berg of such size; several 
might lodge in one neighborhood and their de- 
posits become fairly continuous. A single 
smaller berg might spread deposits over a con- 
siderable distance as it gradually melted and 
was forced along the shore by winds and cur- 
rents. 

The chief weakness of this hypothesis is that 
it does not take account of the even surface of 
the tundra and the presence of boulders only 
half buried in its surface. Flaxman Island, 
although it is in general a level plain, has a 
surface relief of 10 to 20 feet. At the eastern 
end peat beds at least 8 feet in thickness show 
that the modern even surface is not the original 
one. Thus the objection offered by the slight 
relief of the formation is not vital. 

So many boulders exist upon the surface of 
the formation that they can hardly have been 
deposited upon the sea bottom. They would 
probably have been buried before the land was 
elevated, unless the elevation took place sud- 
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denly. If they were transported upon the top 
of a grounded iceberg, which melted without 
total submergence of the drift upon its surface, 
their present position is accounted for. 

Although some of the boulders scattered 
along the beaches may have been transported 
by sea ice, the probability that they were so 
transported is not strong. Most of the beach 
boulders were probably left behind by retreat- 
ing tundra banks. In the fall of 1907 a single 
gale cut away a small tundra block in the spit 
on the north side of Flaxman Island, leaving 
several Uoulders on the beach. Had the former 
presence of similar boulders been unknown one 
might think that they had been transported 
by ice. 

The question whether the boulders found 
upon the tundra were shoved up from the set^ 
bottom by the ice has been raised in discussion 
with Maddren. It is improbable that the sea 
ice at present ever mounts more than a couple 
of hundred feet upon the land even where a 
gentle slope allows an easy path. (See p. 173.) 
In pushing upon the land with a force sufficient 
to move large boulders the ice would also shove 
up other material and leave a hummocky 
topography of greater relief than the size of 
any of the boulders observed in the region. 
Any subsequent smoothing of these irregulari- 
ties by filling in with peat or other material 
would probably cover most of the boulders con- 
tained in the material. 

Even if all the boulders had been shoved up 
from the sea bottom they must have been trans- 
ported from some other region and dropped 
along the coast. Under this view the boulders 
must have been transported to the ocean by 
glaciers and then picked up and carried along 
the coast by sea ice, but this does not simplify 
matters. 

SOURCE OF THK MATERIAL. 

It is widely accepted that ice from the Kee- 
watin Glacier moved northward into the Arctic 
Ocean and even reached the islands of the 
Arctic Archipelago. Camsell ^ finds evidence 
that the west side of Mackenzie River near 
Fort McPherson was covered by an ice sheet 
that moved northward toward the ocean. On 
the top of Mount Goodenough (latitude 67° 

* Camsell, Charles. Report on the Peel River and tribu- 
taries, Yukon and Mackenzie: Canada Geol. Survey Ann. 
Kept, for 1904. vol. 16, pp. 39-40 cc, 1906. 



55', longitude 135° 45'), at an elevation of 
3,000 feet above sea level and only 60 miles 
from it, he found boulders. McConnell ^ states 
that "the ice from the Archean gathering 
grounds to the east poured westward through 
the gaps and passes in the eastern flanking 
ranges of the Rocky Mountains until it reached 
the barrier formed by the main axial range, 
and imable to pass this was deflected to the 
northwest in a stream approximating 1,500 
feet in depth down the valley of the Mackenzie 
and thence out to sea." In the same report 
Archean granite is frequently mentioned in de- 
scribing the drift of the Mackenzie Valley. 

The ice sheet of the last glaciation of the 
northwestern part of Canada thus affords a 
source for the foreign glacial material found 
on the neighboring Alaskan shore. From the 
great Archean gathering grounds a- large as- 
sortment of boulders might be picked up. 
Whether the sources of the rocks found in the 

• 

Flaxman formation exist in the Keewatin area 
must be left for future investigation. 

AGE. 

As the Flaxman formation is confined to a 
narrow belt of rapidly retreating shore line, 
its existence above sea level must have been 
short. If it was formerly below sea level, the 
period of submergence must also have been 
short, else the boulders would have been buried 
by marine deposits. All the evidence from the 
field thus points to the youth of this formation. 

The most probable source is in the area cov- 
ered by the continental ice cap that radiated 
from the Keewatin region. From the youth 
of the Flaxman formation it must be ascribed 
to the last advance of the continental ice — the 
Wisconsin. Even with an age as great as this 
it is hard to account for the present aspect of 
the formation. 

If a Wisconsin age is accepted, it follows 
that portions at least of the coastal plain were 
submerged during this time. This submerg- 
ence did not reach inland to the area occupied 
by the local moraines while they were being 
formed, for there is no foreign material near 
them. If the aspect of the inland drift should 
indicate deposition under the ocean during the 

2 McConnell, K. G., Report on an exploration In the Yukon 
and Mackenzie basins, N. W. T. : Canada Geol. Survey Ann. 
Kept, for 1888-89, new ser., vol. 4, p. 27 d, 181K). 
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last period of glacistion, it would follow that 
there was an emergimce of the land between 
this time and the time of deposition of the 
Flaxman formation. That is, the local gla- 
ciers would have reached their maximum and 
have started to retreat before the Keewatin 
Glacier began to discharge icebergs into the 

Arctic Ocean. 

• 

LITERATURE. 

Under the heading " History of exploration '" 
(pp. 69-87), the narratives of Franklin, Col- 
linson, and Dease and Simpson have been ab- 
stracted. Franklin and CoUinson mention 
Boulder Island in Camden Bay, and Dease and 
Simpson the boulder in Dease Inlet. 

Brooks^ gives a report by the prospector, 
Marsh, on the north shore of Alaska, in which 
he says : 

Till is fotind along the bays of the coast line. The 
most prominent points consist of large boulders, rough 
masses of rock, chiefly gfanites, diorites, and heavy 
sands, all foreign to the vicinity. 

On the basis of a day's examination of the 
type locality in the fall of 1906 the writer pub- 
lished a report in which the glacial origin of 
the formation was brought out but in which 
many statements were made which further ob- 
servation shows to be erroneous.^ The ice was 
thought to underlie the whole island and to be 
entirely of glacial origin. Later studies 
showed that the ice occurs chiefly in isolated 
patches, and is mostly in wedge-shaped masses. 
The source of the glacier was ascribed to the 
mountains of the mainland, but this is seen to 
be impossible. 

Stef ansson,^ in reviewing the writer's article, 
doubts the glacial origin of the ice. His state- 
ment that he saw the base of the ice exposed 
and that the ice was nowhere over 4 feet thick 
must be the result of misinterpretation of the 
exposures. Almost any good exposure shows 
more than 4 feet and many more than 10 feet. 
The same author refers in a later publication 
to the boulders along the coast.* 

^ Brooks, A. FT.. The freofiTaphy and geology of Alaska : 
U. 8. Geol. Survey l»rof. Paper 45, p. 261, 1906. 

* Lefflngwell, E. de K., Flaxman Island, a glacial remnant : 
Jonr. Geology, vol. 16. pp. 5^63, 1908. 

' Stefftnsson, Vilhjdlmur, Underground Ice sheets of the 
Arctic tundra : Am. Geog. Soc. Bull., vol. 40, pp. 176-177, 
1908. 

* Stefflnsson, Vllhjfilmur, Note8 from the Arctic : Am. 
Geog. Soc. Bull., vol. 42. pp. 460-461, 1910. 



Excepting in river deltas proper, there is not a 
5-mile stretch without boulders between * * ^ 
Gwydyr Bay ♦ ♦ ♦ and Herschel Island. • • ♦ 
There are boulders at Cape Simpson and at various 
points between the cape and the Colville; Natives say 
there are boulders here and there inland from Point 
Barrow. These boulders range in size from a man's 
head to the dimensions of a large wagonload of hay 
and are of varied structure. • • • Boulders seem 
especially frequent along the high-cut banks, leading 
one to suppose that they are about equally distributed 
along the various parts of the shore line. 

SAITDS AND UUBB NEAB POINT BAHEOW 

(PLEI8T00ENE). 

CHARACTER AND OCCURRENCE. 

In the long bank that runs 40 to 50 miles 
southwest of the village of Barrow there is 
an exposure of the formations that underlie 
the coastal plain. Although this bank is not 
in the region to which the writer's studies were 
chiefly confined, he had two opportunities for 
examination while ice blocked the entrance to 
the Arctic coast. The bank begins at the vil- 
lage and runs with hardly a break to the lower 
end of Peard Bay. The top is even through- 
out, and the maximum height is nearly 50 feet. 

The lower part of the exposure is composed 
of blue-black mud shales and the upper part 
of greenish-yellow sands. The contact be- 
tween the two members was concealed by 
slumping, but distant views showed that it ran 
in a horizontal line about the middle of the 
bank from end to end. In a few fresh ex- 
posures the shales appeared to be homogeneous, 
and lines of black chert and pebbles of coal 
showed that the bedding of the sand was 
horizontal. 

AGE. 

No fossils were found in the shales, but lo- 
cally the sands contained numerous shells, 
mostly of a single species. Collections made 
from t*wo localities were submitted to W. H. 
Dall, who says that those from the first local; 
ity (15 miles from Barrow) are Pleistocene 
but that those from the second locality (40 
miles from Barrow) might be Pliocene, like 
the Pliocene fossils of Colville River. 

Fo88il8 from sands near Point Barrow, 

Peard Bay. From talus below bluff on coast 15 
miles southwest of Barrow. 
Macoma calcarea Gmelin (fragment). 
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Astarte arctica Gray (1 valve). 
VeQericardia ala^ana Dall (valves). 

In* place, same locality. 
Yenericardla alaskana Dall (valves). 
Bftlanus sp. (worn fragment). 

1067. Peard Bay, 40 miles southwest of Barrow. 
Astarte cf. A. bennetti Dall. 
Astarte n. w^. 

Astarte borealls Schumacher. 
Yenerlcardla alaskana Dall. 

The upper surface is not even, but the ir- 
regularities have been so filled in with peat, 
muck, and tlirf that the ground is quite level. 
The lower contact is unconformable against the 
sandstones of Peard Bay. 

CORREIJ^TION. 

' Schrader,^ under the name Gubik sand (in 
the writer's opinion properly spelled Kupik), 
describes a formation believed to be Pleisto- 
cene, which is a superficial deposit of brownish 
sand or loam, 10 to 15 feet thick, that over- 
lies Tertiary rocks on the Colville and also 
^curs along the coast to the west. He says: 

** It is ordinarily free from gravel, but in several 
iilstances subangular cherty pebbles ranging from mere 

. sand grains to fragments as large as one-fourth of an 
inch in diameter were found. ♦ ♦ • The deposit 
as a rule Is structureless or without stratification 
planes. • * • It is here named the Gubik sand, 
after the Eskimo name of Colville River. 

; GRAVEL MOUNDS (PLEISTOCEKE AKD REOEHT). 

CHARACTER AND OCCURRENCE. 

Where the coastal plain is wide isolated 
mounds scattered over the level surface of the 
tundra are common. East of Shaviovik River 
they are scarce, but to the west they are 
abundant. From a single triangulation sta- 
tion near Shaviovik River pointings were 
made upon about 30 mounds within an arc 
of 140°, and many more were noted outside 
this arc. South of the Jones Islands they 
Were sufficiently numerous to give the sky line 
an undulatory appearance. A half dozen large 
mounds near the coast serve as landmarks for 
the mariner. 

Most of these mounds are in the form of 
gentle domes less than 40 feet high. Only 
one of them, the largest, was measured by 

* Scbrader, P. C, and Peters, W. J., A reconnaissance In 
northern Alaska in 1901 : U. S. Geol. Survey Prof. Paper 20. 
p. 93, 1904. 



aneroid ; the height of the rest was estimated, 
and this the writer has found difficult to do 
accurately in such a featureless region. Any 
prominence stands out so conspicuously that 
there is a tendency toward overestimation. 
There are many mounds 25 feet high, and 
a few 50 or 60 feet. The only mound that 
greatly exceeds this latter altitude has a meas- 
ured height of 230 feet above the plain. Al- 
though most of them have rounded tops and 
slopes of less than 15°, a very few are steep- 
sided and have an angular break at a some- 
what level top. 

Only a few of the most readily accessible 
mounds were examined, and most of these 
in winter in connection with triangulation. 
A\Tierever the character of the material could 
be ascertained it was found to be either coarse 
gravel or else the usual coastal material of 
mud, sand, and small pebbles. On a few 
moimds there was a capping of silt. 

The writer's examination of the area east of 
Barter Island was confined to a single trip in 
winter, most of which was made in thick 
weather and in moonlight, and no mounds were 
seen. Maddren reports d few mounds, less than 
15 feet high, upon the banks of Clarence River 
at the boundary line. He states * that some of 
them, which were exposed by river cutting, 
contained ice underlying the gravels and ap- 
peared to be the result of uplift by hydraulic 
pressure. This process is discussed below un- 
der the heading " Ground ice." Natives re- 
port a flat-topped ridge back of Griffin Point, 
which may be a gravel mound. 

Between Barter Island and Okpilak River, 
near the coast, there are three or four mounds, 
probably less than 25 feet high. These are re- 
ported by natives and by the prospector Arey 
to be composed of earth. None were seen be- 
tween this area and Konganevik, on the west 
side of Camden Bay. A few miles south of the 
Konganevik there is a single low mound al- 
most surrounded bv lakes. 

There are possibly three or four mounds be- 
tween Canning and Shaviovik rivers; west of 
the Shaviovik they are abundant. The first 
conspicuous mound is that on which the tri- 
angulation station called Shav is located. This 
mound is a gentle dome that is estimated to be 
80 feet in height. It is oval in ground plan. 

^Oral communication. 



The greatest diameter, about 20O yards, trends 
east-northeast, the direction of the prevailing 
-n-inds. Three rolling depressions cut across 
the top in the same direction and have a relief 
of about 3 feet. The top of tlie mound, which 
to a great extent is free from snow, had numer- 
ous wntcrworn stones scattered over it, A hole 
was made perhaps a foot deep, and the material 
thus exposed consisted of gravel and a very 
little fine material in the interstices. The 
gravels were coarse, the largest stones reaching 
4 inches in diameter. The material is believed 
to be of local derivation ; certainly no conspicu- 
ously foreign element was seen. Black chert 
pebbles are abundant in it. 




Profile 
FiuCuE 10. — rino'iiDil proQle of KadleroshUlk mound. 

About 12 miles up Kadleroshilik Creek, and 
close to the east side of the sti-eam, is the larg- 
est mound i-ecorded. It was measured by ane- 
roid to rise 230 feet above th^plain and 380 feet 
above sen level. In ground plan this mound 
is roughly circular. ■ The slopes are 15° to 20° 
on the north but even steeper on the southeast 
side. The top is divided by a flaf-boffomed 
col about 20 feet deep that trends about east 
and west. On the north side of the col there is 
a flat-topped ridge about a hundred feet long. 
On the south side there is a shorter ridge which 
has two conelike peaks that rise perhaps 30 feet 
above the col. so that they are visible above 
the northern ridge when the mound is viewed 
from the coast (fig. 10). The symmetry of 
the mound is broken by the rounded depres- 
sion which forms the col and leads down to 
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the plain on both sides. A rough map of the 
mound was sketched from the top, and in camp 
the next day this sketch was filled in white the 
details were fresh in mind (fig. 10). 

At the time of the writer's visit the sides 
were mostly covered with snow, but there were 
a few bare spots which revealed gravels 2 or 3 
inches in diameter. The cones were bare on top 
and had many waterwom stones, the largest> 
14 inches in greatest dimensions. Many were 
larger than 6 inches. No foreign material 
was noticed. Five holes, 1 to 1^ feet deep, 
were dug in erecting a signal. The material 
was coarse gravel, and the holes could be dug 
by loosening it with the blunt end of an ax. 
There was scarcely any fine material present 

The general aspect of this mound is that of 
an upheaved crust of ground which had split 
across the middle. 

From Shaviovik Eiver westward to Oliktok 
mounds are visible from nearly all parts of the 
coast, and there was scarcely any triangulation 
station upon such mounds from which a score 
of others might not be counted. 

Two of the stations were upon mounds which 
were peculiarly associated with lines of drain- 
age. The Kuparuk mound, east of Gwydyr 
Bay, is at the head of an estuary about a mile 
long. The banks are about 15 feet high near 
the mound, but shortly above it they vanish, 
and the stream flows almost upon the surface of 
the tundra. The Thetis mound, near Oliktok, 
lies upon a level platform between two open 
and nearly dry valleys. These valleys head a 
short distance behind the mound but have been 
excavated nearly to sea level abreast of it, 
and their banks are over 10 foet highi They 
empty into an estuary, which has the appear- 
ance of a drowned Valley, 

Only two other large mounds were visited. 
Of these the first, Keturn mound, is about 8 
miles from the coast and close to the east bank 
of Kupanik River. It is ubout 50 feet high 
and has steep sides and n somewhat fiat top. 
The material on top was gravel, as usual; the 
largest pebbles were about 3 inches in diame- 
ter. The Beechey mound, south of the Jones 
Islands, may be 60 feet high. The gravels con- 
tain material not identified in the mountains 
to the east. One of the conspicuous new ele- 
ments was a conglomeratic quartzite, which 
may very well have come from the vicinity of 
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Kupanik River. Schrader described such for- 
mations upon the Colville. 

A great many mounds are visible south of 
Beechey mound. Native boys say that they 
occur inland along Kuparuk River for four 
days' travel with packs, which may be esti- 
mated at 60 miles. 

Between the Colville and Point Barrow only 
two mounds were seen from the coast. These 
mounds are gentle domes, perhaps 30 feet high, 
at Cape Simpson. They were not examined, 
and reports are conflicting as to whether 
they are asphaltum or gravel mounds. Be- 
tween Barrow and Cape Lisbume the coast was 
observed from ships and no mounds were seen. 

Richardson, in the appendix to Franklin's 
narrative,^ was the first to describe such 
mounds: 

The whole coast Hne from Cape Bathurst to the 
moutli of the Mackenzie, and the islands skirting it. 

♦ ♦ ♦ present a great similarity in outline and 
structure. They consist of extensive sandy flats, from 
which there arise abruptly hills of an obtuse conical 
form from 100 to 200 feet above the general level. 

♦ ♦ ♦ There Is a coating .of black vegetable earth, 
from 6 incites to a foot in thickness, covering these 
sandy hummocks, and some of the escarped sides ap- 
peared black, which was probably caused by soil 
washed from the summit. 

It is possible that the whole of these eminences 
may at some distant period have been formed by the 
drifting of movable sands. 

Of one of these mounds Richardson^ says: 

This hill rose from the boggy ground in a conical 
form to the height of about 100 feet. ♦ ♦ ♦ On 
ascending the hill I found it hollow, like the crater of 
a volcano, in which, about 15 feet, below its brim, 
stood an apparently deep lake of very clear and sweet 
water. The interior beach of this curious pond was 
formed of fine clean gravel, and the hill itself ap- 
parently consisted of sand and p^avel with a coating 
of earth. From its summit I saw many similar 
heights to the eastward and southward. 

They are considered by Richardson to be 
remnants of sand formations. The conical ef- 
fect is from sea wash at high tide.' 

Schrader* has described similar mounds on 
the flats east of Colville River, above the delta, 
as follows: 

* Franklin, .Tohn, Narrative of a second expedition to the 
shorea of the I'olar Sea, p. 301, Philadelphia, 1K28. 

a RichardHon, John, Arctic searching expe<11tlon8. vol. 1, 
pp. 24JK250, 1851. 

* Idem, p. 247. 

* Schrader, P. C, A rcconnalsRance In northern Alaska In 
1001 : U. 8. Oeol. Survey Prof. Paper 20, p. 04, 1004. 



The monotony of the waste is somewhat relieved by 
occasional low mounds. ♦ ♦ • These are com- 
posed, in part at least, of gravel and sand. Some of 
them rise as much as 40 feet above the flats. In shape 
they are low and rounded. • • • Perhaps the 
most plausible hypothesis is that they are remnants of 
beds belonging to the Tertiary Ck)lville series, which, 
chancing to be capped with some hard stratum, were 
not worn by the river to the level of the flats. 

Smith ^ describes mounds on the Mission 
Lowland of Noatak River as follows : 

Here and there rounded hills one-hnlf mile in diame- 
ter at the base rise 100 to 300 feet above the general 
surface of this plain. They are symmetrical in shape, 
and, although irregularly distributed over the plain, 
suggest, when viewed from a distance, giant hay- 
stacks. None of these was examined at close range, 
but they are apparently gravel mounds similar to 
those near the mouth of the Ck)lville. 

MendenhalP reports abundant sand and 
gravel prominences rising 30 to 40 feet above 
the general level of the Fish River lowland. 
"They are interpreted as remnants of a 
slightly higher level generally destroyed by the 
meandering of the stream." 

There are a number of hills in the delta of 

the Mackenzie noted on Harrison's map^ as 

conspicuous landmarks. He describes them as 

follows : 

All about this coast line, between the delta of the 
Mackenzie and Cape Brown, there are great numbers 
of such hills, and from their appearance I should 
certainly have taken them to be of volcanic origin, 
but it appears from Sir John Richardson, who ex- 
amined one of them in the summer time, that their 
formation is of gravel and mud. JThey rise in some 
instances to a height of 200 feet, and • ♦ ♦ the 
abrupt angle they form with the plain is particularly 
interesting. 

One was examined by Harrison in winter. 
He found a pond upon the top and was in- 
formed by natives that these mounds were sure 
places wherein to find fresh water during the 
summer. 

Dr. R. M. Anderson, in the scientific ap- 
pendix to Stefansson's narrative,® also men- 
tions the mounds of the same region as follows : 

A conspicuous feature of the country east of the 
Mackenzie, ♦ ♦ ♦ are largo rounded hills of mud 

B Smith, P. S., The Noatak-Kobuk region, Alaska : U. S. 
Oeol. Survey Bull. 636, p. 28, 1913. 

'Mendenball, W. C, A reconnaissance of the Norton Bay 
region, Alaska : U. S. Geol. Survey Special Pub., p. 207, 
1901. 

^ IIarrl8«n, A. II., In search of a Polar continent, pp. 
196-197, London, 1908. 

■ Stefftnsson, Vilbjftlmur, My life among tbe Eskimo, pp. 
438-430, New York, 1913. 
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or clay rising 50 to 125 feet in height from the flat 
plain surrounding.* These hills * * • are some- 
times hemispherical, with either smooth or furrowed 
sides, and sometimes in the shape of a truncated 
cone with a crater in the center like an extinct vol- 
cano. One of the most typical "mud volcanoes" of 
this type is situated on the flat plain -at the base of 
the Parry Peninsula between Langdon Bay and Dam- 
ley Bay — a landmark for many miles. In summer 
this crater has a pool of water in its bottom.* 

There is a distant photograph of this mound 
in the same book. A closer view of the mound, 
published in one of Stefansson's magazine 
articles,^ is reproduced in Plate XVII, B. 
Of this mound Stef Ansson ' has given the fol- 
lowing details: 

I never measured the height of It, but as I remember 
it It can not be much over a hundred feet It rises 
from a typical level tundra land, although some rolling 
hills are only half a mile away to the south. ♦ ♦ ♦ 
The formation is similar, apparently, to that shown in 
the cut banks on the north coast of Alaska, some of 
the upper strata being composed of peat. 

In conversation with the writer StefAns- 
son stated that old natives have noted changes 
in the appearance of the mounds, even an in- 
crease in size during a lifetime. 

During the season of 1915 George L. Har- 
rington, of the United States Geological 
Survey, investigated several mounds in the 
Ruby mining district of the lower Yukon. He 
has furnished the writer the following de- 
scription and accompanying photograph (PI. 
XVII, A): 

In the Ruby district there are numerous isolated 
mounds on the gentle slopes of the wide valleys, gen- 
erally near the stream. Many of these mounds are 
characterized by a good growth of deciduous trees, 
which serves to give them greater prominence by the 
contrast of the arboreal color and at the same time 
emphasizes the difference between the soil of the 
mounds and the adjoining slopes, as the birch and 
aspen particularly favor the warmer, well-drained 
soils. One of the largest mounds Is In the valley of 
Little Dome Creek. Others are on upper Poorman 
and Glacier creeks, and it seems probable that a 
mound on the west side of Tamarack Creek is of simi- 
lar character. The mound that shows the best de- 
velopment is in the valley of Main Creek about 5i 
miles southwest of Deadman Hill. It Is about 75 to 
100 yards long and rises about 25 feet above the gen- 
eral slope. It is oval in outline and there is a spoon- 
shaped depression 10 feet deep In the top. This de- 
pression has an outlet to the northeast up the slope, 
from which a small stream of water was flowing In 

^ BteffloBSon, Vilhjfimur, My life among the Eskimo, opp. 
p. 140. New York, 1913. 
'StefAnsson, VllhJAlmur, Harper's Mag., Aprii, 1018. 
'Personal commnnication. 



July, though there had been no rains for two days. 
The mound is composed of fine sand or silt and both 
its outer and inner slopes are steep, so that it rises 
abruptly from the poorly drained, moss-covered slope 
on which it lies. This slope has a grade of about 
one-half i)er cent. From the dumps of several old 
prospect holes near by it seemed reasonable to as- 
sume a depth to bedrock of at least 50 feet, and 
l^ne material, similar to that composing the mound, 
appears to comprise half this thickness, whereas the 
lower half is made up of gravels. 

The origin of these mounds is not clear and in 
this area proof was not at hand to determine it 
Some of the mounds seemed possibly to be remnants 
of an older valley filling, but If so, evidence of its 
former presence other than these nither widely iso- 
lated mounds should have been found. 

ORIGIN. 

These mounds are scattered haphazard over 
level plains in areas where the ground is i)er- 
manently frozen. They may be composed 
either of gravel or mud. Most of them are 
rounded domes, but a few have depressions 
in the top which may contain water. In alti- 
tude they may reach to 250 feet. The material 
is considered to be local. As a rule the large 
mounds have coarser material than the small 
ones. 

In seeking for a theory of their formation, 
the following working hypotheses were enter- 
tained : 

1. Destructional — that they are erosion rem- 
nants left as monadnocks upon a peneplain. 

2. Constructional — (a) that they are glacial 
deposits; (6) that they were formed by hy- 
draulic pressure. 

The first hypothesis, that of Bichardson, 
Schrader, and Mendenhall, presents many dif- 
ficulties when applied to the Arctic Coastal 
Plain. If the planation had been by river ac- 
tion, working in a region of fairly homoge- 
neous material, the remnants would never take 
the present aspect of symmetrical mounds ir- 
regularly distributed. At least some sugges- 
tion of the former drainage system would be 
shown. If the mounds were centers of resist- 
ant material, such as igneous intrusions, the 
.problem would be simpler, but no consolidated 
material has been seen anywhere in the area 
over which the mounds are distributed. While 
the coastal plain was being cut down at least 
250 feet and reduced to a plain, the upland, 
which is composed of scarcely more resistant 
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mntoriaK would surelv show a more advanced 
state of erosion than we now find. 

Those objections apply even more strongly 
to planution by submergence beneath the sea, 
for tJie coastal mounds would have been re- 
duceil long before the country behind them 
was reached by the waves. 

The second hypothesis, that they are glacial 
deposits or kames, would account for the main 
facts, but there is no evidence of any such ex- 
tensive glaciation. None of the glaciers left 
recognizable deposits within 20 miles of the 
ocean, even where the mountains come nearest 
the coast. There are mounds on the Colville 
which are nearlv 150 miles from mountains 
that contained only local glaciers. A glacial 
origin is not within the limits of possibility. 

The third hypothesis, that the mounds are 
the result of hydraulic pressure, was suggested 
by the ice domes that are found upon the 
rivers in winter. These domes are described 
under the heading "Aufeis" (p. 158). In 
the fall of the year the shallow places freeze 
solid to the bottom, thus restricting the flow. 
Hydraulic pressure is then exerted against the 
ice, so that it is bulged up into domes or 
ridges. 

The formation of the gravel mounds would 
I)r(KMT<l under this hypothesis as follows: The 
coiistal pill in slopes seaward. If it is composed 
of pervious material in giMieral, any water en- 
tering the ground in the higher portions of the 
plain will either come to the surface in springs 
nearer the <M)a!^ or be carried underground to 
the ocean. At the beginning of the Arctic 
elinnite, if the eoustal plain was already in ex- 
intene(\ or upon the eniergiMUV of the plain 
from the WMI, if this t(H>k place under such a 
rlinnile, the ground lavame fn>/,en prt>gres- 
nlvely downwanl. This fnvy.ing formed an 
InipervloUN liiyer over a tilted water4H»anng 
Mlralnnti (filing tihe to conditions favonible to 
nrteNliin welln. As mhui as tlu^ dowuwanl 
fl'iMiMlnu Interfeml \> ith the flow of the gnmnd 
wwU^Vi h.vilruulie prossuiv was set up, Tliis 
pruMnMie niH.v h«>e acted ko slowly as to bulge 
Up and fraetuie tlio fnnceu cnM Un^ally with- 
nut HM,v ureut outflow of water, or it may have 
iMMMiinMl wudilenly with a givat outflow of 
wator \\\\\v\\ earried up umlerial fnuu the un- 
i|erl,Yln(| bed*, Th*^ e»mr«iM^ material may have 



been deposited at the outlet of the spring, thus 
building up a mound. As the ground froze 
more deeply, the ground circulation was re- 
stricted or even shut off from the mounds, so 
that in the Alaskan region, at least, no springs 
are at present associated w-ith the mounds. 
The frozen layer also became too strong to be 
affected by any hydraulic pressure which might 
exist in the area, so that no new mounds could 
be formed. 

It was not expected that the early stages of 
mounds formed in this way would be found, 
for they probably came into existence when 
the cold climate began. That mounds recently 
formed, and even in process of formation, oc- 
cur in the area east of the Mackenzie has been 
shown in the literature. The photograph by 
Stefansson (PI. X\T[I, 5, p. 152) shows a 
mound which can be interpreted as having 
verj' recently been shoved up by pressure from 
beneath it. Such a jagged sky line can be but 
a temporary feature of unconsolidated mate- 
rial. Unless new growth restores the mound, 
it will not be manv vears before the outline be- 
comes rounded. Probably the crater will exist 
for a few centuries, but even that should dis- 
appear before the mound is flattened out by 
erosion. 

The mounds near the ilackenzie are reported 
by Richardson and Harrison to contain craters, 
so that thev are fairlv recent also. 

The earliest stage upon the north Alaskan 
coast is seen in the Kadleroshilik mound, which 
has the appearance of a bulging and fracturing 
of fi"Ozen ground. Instead of symmetrical 
fracturing, as in the mounds east of the Mac- 
kenzie, this mound was fractured across the 
midille, so that no crater was formed. The 
two conelike peaks upon the south side are con- 
sidered to be remnants of a rugged summit. 

Some field evidence points toward a large 
outflow of water from some of the mounds. 
The Kuparuk mound is closely associated with 
a stream cut of notable size for the Coastal 
Plain. There is very little water at present in 
this creek, which flows on the surface of the 
tundra a short distance beyond the mound. 
The same is true of the Thetis mound. Wliether 
this association is by chance or is the result of 
outflow from the mound must be left an open 
question. 
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If lakes are found to be also associated 
peculiarly with the mounds, as is a possibility, 
they might be accounted for in this manner. 
The outflow from the mounds in winter would 
form a deposit of aufeis in the neighborhood. 
If at the same time mat«rlal was being carried 
out by the springs this would be spread out 
over the ice and incorporated with it. During 
tlie activity of the spring a Iieavy deposit of ice 
might be built up. Upon the extinction of the 
spring the ice would waste away until sufficient 
material was concentrated upon its surface to 
preserve it. Irregularities in the- amount of 
material would cause irregularities in the 
amount of melting and depressions containing 
ponds would be formed. 

Thus the hypothesis of formation by hy- 
draulic pressure fram below is in best accord- 
ance with the character and occurrence of these 
mounds. 

0OA8TAL BAXS3 (FLEISTOOEHE AMD SEOEHT). 



In addition to the coastal formations de- 
scribed above, a great variety of other deposits 
are exposed in the cut banks, such as sand, silt, 
clay, muck, peat, and mud. These are sepa- 
rated by their elevated position from the evi- 
dently recent beach deposits. There are few 
banks higher than 15 feet along the northern 
coast; 30 feet is the maximum. As these banks 
are mostly slumped, they seldom afford good 
exposures, yet there is probably sand under- 
lying the superficial muck along most of the 
coast. Between Kuparuk River and Oliktok, 
both on the mainland and the Jones Islands, 
there were many exposures showing 6 to 8 feet 
of blue-gray and yellow sandy loam. The bed- 
ding where visible was horizontal. Small 
rounded chert pebbles are scattered throughout 
the sand, black chert being conspicuous. Scat- 
tered exposures of similar sands were noted all 
along the coast to the east as far as Barter 
Island. Here a dirty yellowish sand, contain- 
ing pebbles, was exposed in the 30-foot cut 
bank on the north side of the island. 



No fossils were found in the coastal forma- 
"tions east of Barrow. These sands underlie 
the Coastal Plain, which is considered to have 
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risen after the close of the Pleistocene, so the 
age of most of the sands is probably Pleisto- 
cene. Post-Pleistocene warping may have lo- 
cally brought up Recent deposits, so that the 
age of the sands is placed at Pleistocene and 
Recent. 

PEAT, mOS, AVn COASTAL BILTH (FLZIBTOCEIIE AHD 



Peat is not extensively developed in this re^ 
gion. A few small lenses or beds were ob- 
served in the banks of the rivers. On the coast 
isolated exposures of peat attain a maximum 
thickness of 10 feet. 

The term " muck " is loosely used by miners 
to cover any dark muddy deposit, even silts or 
clays. Typical muck contains vegetable re- 
mains and varies from a mass of peaty detri- 
tus to a black mud. The surface of the tundra 
is to a great extent underlain by muck, but no 
great thickness of it has been observed along 
the northern coast. In many places it is con- 
fined to a layer not over a foot in thickness, 
but it may be as much as 8 feet. Brooks' 
states that muck maybe "a subaerial accumu- 
lation, due in part to the decay of vegetable 
matter, in part to the deposition of silts during 
the rainy season," Moffit.^ from extended 
studies at Nome, is of the opinion that muck 
may accumulate under water. The writer is 
inclined to think that most of the muck along 
the northern coast has been so formed. Re- 
cently drained ponds commonly show muck de- 
posited over the bottom, some of which, how- 
ever, may have been derived by erosion of the 
banks. Shallow ponds commonly contain 
growing vegetation. As this decays the ponds , 
become filled and a muck deposit is formed. 

Silt is exposed in the deltas of most of the 
rivers to a maximum thickness of about 30 
feet. If occurs both in horizontal beds and in 
dunes. The dunes, which are evidently of re- 
cent formation, are separately discussed. (See 
p. 163.) The silts are composed of nearly 
homogeneous fine sand, as a rule of ft gray 
color. No pebbles were ever seen in place or 
scattered over the surface of silt deposits. 
There was no resemblance to loess in any of 
the exposures examined. 
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In the islands of the Okpilak-Hulahula delta 
silts which are apparently water-laid are ex- 
posed to a thickness of 8 feet. Sadlerochit 
Eiver empties through a low flat, where ex- 
posures are only a few feet thick. The east 
mouth of the Canning breaks through high 
banks of the Flaxman formation and flows di- 
rectly into the ocean. The silts here are prob- 
ably wind blown. Off the western mouth of 
the Canning there are several silt islands some 
distance from the shore. The bedding is hori- 
zontal and the islands seem to be remnants of 
a former delta plain whose surface was 5 to 10 
feet above the present sea level. Shaviovik 
Biver has one or two silt islands at the mouth, 
but they were not examined. The banks on 
either side of the river were grass-grown so 
that the material could not be ascertained. 

The most conspicuous development of silt is 
in the delta of Sagavanirktok River. With 
the exception of Foggy Island, all of the nu- 
merous islands seem to be composed of silt. 
Howe Island, which is estimated to be 30 feet 
high at the eastern end,, has good exposures in 
the cut banks, which show horizontally bedded 
silts. At Heald Point, at the west side of the 
delta, about 10 feet of silts overlie the Flaxman 
formation. 

The Kuparuk delta has a few silt islands, 
but whether they are of aqueous or eolian ori- 
gin is uncertain* On the west side of the Col- 
ville delta there are several silt islands 5 to 15 
feet high. The material resembles that of the 
coast to tl|e east. , 

Most of the horizontally bedded silts were 
probably deposited under water. If they were 
built up by wind-blown material the usual 
cross-bedding should be conspicuous and strata 
of turf should be seen within the silts. The 
10 feet of silt above the Flaxman formation 
at Heald Point shows that here the uplift oc- 
curred some time after the maximum of Wis- 
consin glaciation. 

OLACIAL DEPOSITS (BECEHT). 
OKPILAK BIVER. 

The higher peaks of the Romanzof Moun- 
tains are so covered with ice and snow as to 
be conspicuous from all directions, but on 
account of the rugged character of the country 
the number of glaciers could not be ascer- 



tained. From the valley floor only the ends of 
the larger glaciers can be seen, except in the 
more open portion of the west fork of Okpilak 
River. Besides the main glacier of the west 
fork, which may be 10 miles long, at least four 
others were observed which were more than 3 
miles long. It is probable that th^re are a 
dozen of this length, and several scores of 
small cliff glaciers. 

As the glacier at the head of the west fork 
is the only large one in the region and is be- 
lieved to be unique in the Arctic Mountains^ 
it was examined in some detail (PI. XVIII, 
A and B ) . The lower part only was accessible 
in June, for the part above the bend was so 
covered with snow that it was impassable with- 
out snowshoea 

The total length is perhaps 10 miles and the 
average width a mile, so that, excluding the 
ice-capped summits, the area of this glacier is 
about 10 square miles. The thickness of the ice 
was not determined. It probably exceeds 200 
feet near the lower end. An idea of the thick- 
ness may be obtained from Plate XIX, A. 

The end of the glacier was so covered with 
drift that no determination of the profile of 
the ice was possible. The sides as a rule grade 
into the lateral moraines or rest against the 
mountain sides, but in the few clear places the 
sides of the ice were observed to be steeply 
convex. For the first mile above the drift- 
covered end the surface is very even and of 
clean unbroken ice. Above this part is a sharp 
rise with numerous open crevasses for a few 
hundred yards, beyond which the apparently 
unbroken surface of the glacier continues in 
a gentle incline to the limit of vision. 

The end and the adjacent sides of the ice 
grade into terminal and lateral mo|*ainic areas 
which have apparently been abandoned. Close 
inspection shows that many of the hummocks 
are of thinly veneered ice. Stream cuts also 
reveal much ice in these areas, so that most of 
the drift is still epiglacial. There is a single 
linear moraine on the surface of the clear ice, 
which may be observed in Plate XVIII, B. 
A few dust wells and narrow discolored bands 
are the only other interruptions to the clear 
blue ice in the lower portion of this glacier. 

There are many small streams on the surface 
of the lower part. The largest ones, perhaps 2 
feet across and twice as deep, flow along the 
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median line toward the end. The others flow 
down the lateral slopes. Many of these streams 
disappear into crevasses. 

There was drainage along both borders of 
the ice, but it was more marked on the left 
side. Above the mouth of the last feeder 
on this side there is a pond whiph is dammed 
by the inflowing ice stream, and below it 
there are a few ponds between the rock walls 
and ice or behind moraines. The lateral stream 
flows over a boulder-filled bed, in many places 
cutting deeply, into the margin of the glacier. 
At one place where the lateral drift is ex- 
ceptionally heavy, the stream disappears down 
an ice tunnel and comes to light again beyond 
this drift dam. Near the end of the glacier 
there are several abandoned channels which 
mark the former course of the stream. They 
are chiefly cut through drift, but in several 
places through rock. The largest of these rock 
canyons was about 15 feet deep and 5 feet wide. 
Such cuts seem remarkable for a small stream 
during the time the ice was stationary at one 
particular level. 

No obser\^ations were made as to the rate of 
motion of the ice, but there was strong evi- 
dence that the ice was moving. The linear sur- 
face moraine mentioned above consists of a 
belt of till 50 to 100 feet wide and 3 to 20 feet 
high. The marginal portions of the moraine 
are covered with clean boulders lying in stable 
positions, but along the crest there is a con- 
tinuous line of mud and mud-covered stones 
lying in unstable positions. Some of the flat 
slabs of. schist were standing on edge or even 
canted over, so that they resembled the ice 
blocks in a newly formed pressure ridge in 
the Arctic Ocean. It seems that the middle- of 
the glacier i§ shearing past the marginal ice. 

The lower end of the glacier graders into an 
area containing drift-covered ice (PL XIX, 
B), There is no drift separated from the end 
of the glacier, so that the ice as a whole can 
not have recently retreated to any noticeable 
degree, but neither is there any evidence that 
the ice has recently advanced. As much of 
the drift-covered marginal ice is at a higher 
level than the general surface of the glacier, 
this surface has recently become lower. 

Plate XX, 5, shows a small hanging glacier 
in the neighborhood of the one jiist described. 
The ice is very clear, except the basal 6 feet, 



which is black with debris. The lower end of 
another glacier is shown in Plate XX, A. It 
ends in a perpendicular face 30 to 40 feet high 
and is also composed of clean ice, except for a 
vertical distance of a few feet at the bottom. 
It seems to have recently overriden its own ter-. 
minal dump. There are a couple of larger gla- 
ciers in the neighborhood which are shown on 
the map (PL I, in pocket). They have re- 
treated entirely within their valleys, leaving 
areas of abandoned moraines. 

HULAHTJLA BIVEa. 

During the time of the writer's visit the 
mountains of the Hulahula were covered with 
snow, so that any small glaciers that may have 
existed near the headwaters were not seen. As 
the. northeast fork heads back against the Ro- 
manzof Mountains, it probably receives ice 
from their southern slopes. The streams which 
flow into the river from the east also head in 
these mountains and so may contain glaciers. 
The streams which head near Mount Chamber- 
lin on the west side probably also have glaciers. 

SAOLEBOCHIT BIVEB. 

No glaciers were observed to reack the floors 
of the main branches of the Sadlerochit, but 
the head of the Lake Fork is possibly filled 
with ice. A side glacier was observed to reach 
nearly to the floor, at the limit of vision from 
the upper lake. There aref many other small 
glaciers and even ice caps where lodgment is 
found. Mount Chamberlin is almost entirely 
ice covered, but the lower limit of the ice was 
not ascertained in more than one place. The 
thickness of the ice cap can be made out on the 
northeast side, where a perpendicular cliff of 
ice rises perhaps 50 feet above the rock face. 
Small glaciers radiate from this ice cap into 
the valleys which head against the mountain. 
Probably none of them is much over a mile in 
length. 

CANNING RIVER. 

One or two distant cliff glaciers were ob- 
served among the mountains on the east side, of 
the east fork of Canning River. As the area 
around the headwaters is reported to be more 
open and even rolling, there can hardly be 
much ice in that locality. Mount Salisbury, 
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which reaches an altitude of about 7,000 feet 
on the west side of the river, has an ice cap 
and may discharge sinall glaciers into the 
Canning drainage. 



Several glaciers can bo seen from the coast 
to flow from th& northeast comer of- the Ro- 
manzof Mountains into the Jago drainage. 
The prospector Arey, who partly explored the 
Jago, reports that there- are many other glaciers 
farther upstream on the west side. Aichillik 
Eiver is reported by the natives to have many 
small cliff glaciers, but none are reported from 
the Turner. Maddren* observed none near 
the international boundary. Very little is 
known-of the region between the Canning and 
the Colville. Arey, who traversed the Saga- 
vanirktok in winter, reports that he saw no 
living glaciers. Schrader* does not mention 
any along the 152d meridian. Smith ' reports 
a few glaciers at the headwaters of the Noatali 
and Koyukuk. None of them .is more thaii a 
couple of miles long. No other glaciers are 
known by the writer to exist on the southern 
slopes of the Arctic Mountainji. 

AUTEIS (SECSHT). 

The heavy deposits of ice that are formed 
over the flood plains of Arctic rivers have been 
described in many of the recent reports upon 
Alaska. Middendorff. however, fii^t described 
aiid explained this phenomenon in the middle 
of the last century, after several years of ob- 
servation in northern Siberia.* The writer 
can add very little either to his description or 
his explanation. 

Deposits of this kind of ice are called 
" glaciers " by miners and even by some geol- 
ogists. " Flood ice " has also been used, but 
does not convey the proper impression. Mid- 
dendorff introduced the term atifeis, and the 
writer has adopted it for this report. 

The process of formation of aufeis is as fol- 
lows; During the winter the flow of the rivers 
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is locally impeded by the formation of anchor 
and frazil ice,' or the shoal places may freeze 
solidly to the bottom. The water coming from 
the upper stretches of the river, being thus im- 
peded, will rise and flood the adjacent land. 
When the river is entirely frozen over, as is the 
rule in the Arctic, the hydraulic pressure is 
sufficient to bulge up and fracture the ice at 
weak places. The escaping water is soon 
coated with ice, and the flow is gradually re- 
stricted by freezing, until sufficient hydraulic 
pressure is set up to enable the water to burst 
through again. This flooding and freezing 
goes on all winter, or at least until the winter 
flow of water is so reduced that it can pass 
through the gravels beneath the ice. Thus a 
deposit of ice may be built up, much after the 
manner of an alluvial deposit. 

If the winter flow is sufficient the aufeis may 
reach a considerable thickness, so that it may 
override the ordinary banks of the river and 
spread out over the whole flood plain. The 
greatest deposit seen by the writer was about a 
mile wide and 3 or 4 miles long. The thickness 
in the lasfpart of June was about 12 feet. 

In autumn the river is covered with thick ice 
before the flow is retarded sufficiently to set up 
hydraulic pressure. Acting underthis pressure 
the water forces up the domes and ridges of 
ice", which are a, conspicuous feature of aufeis 
deposits. These elevations are as a rule less 
than 10 feet high; about 15 feet is the maxi- 
mum. As a rule their ^ape is oblong, though 
ridges over a hundred feet long have been 
noted. There is invariably a fracture along the 
crest of the mounds, whence water occasionally 
flows. The writer has never seen these mounds 
in the process of formation, but early iu No- 
vember the Canning was dotted with them. 
The natives say that they hare seen them ris- 
ing early in the autumn, ' accompAiied by an 
outflow of water. The prospector Arey con- 
firms this report. 

After this first process of formation of the 
mounds the water escapes more quietly. As 
soon as the newly flooded area is frozen over 
hydraulic pressure is again set up, but it has 
only a few inches of ice to fracture. Conse- 
quently there is but slight disturbance of the 
surface. 
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With the advent of warm weather the flood- 
ing waters, no longer freezing, cover the whole 
deposit of aufeis. Soon the drainage is con- 
centrated into troughs, which have been melted 
along the lines of greatest flow. As these 
troughs are cut downward those most favor- 
ably situated grow at the expense of the neigh- 
boring streams, until by the time the actual 
river bed is reached the water is concentrated 
into one or two streams flowing at the bottom 
of ice canyons. Abandoned channels upon the 
aufeis of the Canning are shown in Plate 

XX, c. 

ITie ice is gradually undermined by the 
river, so that large blocks break off with loud 
reports and fall into the water. Navigation at 
this time would he very dangerous, for there is 
danger from falling ice and of being swept 
under the ice by the current. All of the ice 
within reach of the river is cut out before the 
summer is over, but that upon the high bars 
may remain until September or may possibly 
last over a second winter. By the 1st of July 
the aufeis of the Canning was removed from 
the stretch north of the mountains; a week 
earlier that near the forks was almost intact. 
The mounds often remain some weeks after the 
thinner deposits have melted away. 

Okpilak Biver contained very little aufeis. 
There was a steep valley train of ice that had 
been built out a couple of hundred yards from 
the lower end of the West Fork Glacier. A 
similar deposit floored the bottom of a valley 
that stretches eastward from Mount Michelson. 
At the time of the writer's visit the Hulahula 
had two areas of aufeis outside of the moun- 
tains, and within the mountains as far as the 
forks most of its floor was covered with ice. 
Sadlerochit Biver had one area of aufeis north 
of the mountains, but above this there were 
only a few patches confined to the side streams. 
On the Canning aufeis occurs nearly every- 
where from the forks to the coast, the greatest 
development being near the forks and below 
Shublik Springs. 

SEA ICE (RECEKT). 

In addition to the ordinary ice of the Arctic 
Ocean, which has been so often described in 
reports of explorations in the polar regions, 
there is a form which is to a great extent pecul- 
iar to Beaufort Sea. This form is called " old 



ice,'' from the lack of a better term. After a 
few notes upon the ice in general, the "old 
ice " will be discussed at some length. 



PBESSUBE RIDGES. 



When the moving floes meet obstructions 
they are completely shattered (PL XXI, B) 
or their edges are crushed up into ridges 
composed of brecciated ice (PI. XXI, A). 
The ridges may be piled upon the beach or 
may be formed anywhere over the surface 
of the ocean. Many reports mention ridges 
50 to 100 feet high, but in the six years 
which the writer has spent on the shores of 
Arctic Alaska nothing approaching this maxi- 
mum has been seen. The same is true of the ice 
seen during a previous expedition to Franz 
Josef Land. On sled trips and on shipboard 
the writer has spent nearly a year in tlie ice 
pack, and the shore ice has been observed dur- 
ing numerous journeys along the beach. The 
height of the largest ridges was estimated as 
carefully as possible. No ridges were seen 
which averaged more than 20 feet in height, 
and very few pinnacles which reached more 
than 30 feet. 

Whaling captains have reported ice ridges 
60 to 70 feet high from the same region in 
which the writer has traveled. Stef&nsson^ 
also reports an ice ridge 60 feet high. 



CONGLOMERATIC ICB: 



WTien one floe grinds along another the ir- 
regular edges of the floes are soon reduced, so 
that the motion takes place along a nearly 
straight line. The blocks of ice are gradually 
ground into small fragments, so that a mix- 
ture of boulders of ice in a groundmass of 
white slush is formed along the line separating 
the moving and stationary ice. When the 
floes separate, the ice conglomerate is often left 
with a vertical wall to mark the former plane 
of motion. This kind of ice has been observed 
only near the shore, where the relative motion 
of the floes is n^uch greater than it is at a dis- 
tance from the land. 

LAMINATED ICE. 

Several small flat floes were obser\'ed to be 
composed of ice showing parallel horizontal 



» StefAnsson, Vilhjftlmnr. Notes from the Arctic 
Geog. Soc. BulL. vol. 42, pp. 460-461, 1910. 
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lines. This kind of ice is formed by the tele- 
scoping of thin sheets of ice. As the resist- 
ance to the motion of a layer of ice becomes 
great the thin ice fractures and a new layer is 
shoved up, so that a notable thickness of lami- 
nated ice may thus be built up. Cracks across 
pressure ridges sometimes show the lower 
slopes of the ridges to be laminated. Indi- 
vidual laminations often extend into the brec- 
ciated area. 

Nansen^ describes and illustrates such ice. 

When It was broken across, the blue showed a 
marked stratified formation, recalling the stratifica- 
tion of glaciers. ♦ ♦ ♦ In several places the strata 
were bent and broken. ♦ ♦ ♦ In spite of the bend- 
ing of the strata the surface of tlie Ice and snow 
remained smooth. It was evidently the result of 
horhBontal pressure In the Ice at the time of packing. 
It was especlaUy noticeable at one place near a huge 
mound formed during the last pressure. 

It is not clear whether he means that the 
structure was the result of horizontal pressure 
upon homogeneous ^ce or whether it resulted 
from telescoping tliin sheets, but the former 
seems more probable. 

OLD ICE. 

Scattered among the flat floes and the masses 
of angular blocks of ice, which are evidently of 
recent origin, there are other floes of a very 
different appearance (PI. XXII, A). These 
** old ice " floes have an undulating surface and 
the color is blue, in contrast to tlie greenish 
color of the new ice. The old ice contains 
no perceptible salt above the water line. These 
floes are very thick as a rule and may be miles 
in extent. The highest ridge that came under 
the writer's observation rises about 25' feet 
above a platform which is 6 feet above sea 
level. If the sides were perpendicular, the 
total thickness of this floe would be about 100 
feet. • 

The term "paleocrystic ice^' has been used 
in describing tllese undulating blue floes. As 
first applied- to the ice east of Greenland, it 
refers to flat floes that have altained a great 
thickness through several years of freezing. 
As the term paleocrystic ice is inapplicable 
and no new name suggests itself, the ice under 
discussion is called bv the local name "old 



ice. 
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The floes of old ice vary in abundance from 
year to year and are always a subordinate 
element near the coast. After the open sea- 
sons of 1910 and 1911 only one small piece of 
blue ice was seen near the shore, but after the 
icy season of 1913 blue ice was abundant. 
The writer's record covers only observations 
made along the coast between Icy Cape and 
Herschel Island and thase made during a sled 
trip a hundred miles northward from the 
mouth of the Colville. Old ice was seen along 
the north shore and for about 40 miles south- 
west of Barrow. On the sled trip the old ice 
was much more abundant at the farthest point 
reached than it was near land, but it never ex- 
ceeded 1 per cent of the total amount of ice. 

The writer has made no attempt to go 
through the literature of Arctic exploration 
in quest of observations upon the ice. A few 
narratives have been examined in which he 
remembered that old ice had been described. 
Parry, on the first of his famous Arctic voy- 
ages, was blocked by very heavy ice between 
Melville and Banks islands, on the eastern 
side of Beaufort Sea. There is no doubt that 
old ice was a large component of this barrier. 

He says:^ 

An immense floe was covered with large hummocks, 
giving its upper surface the appearance of hill and 
dale. The thickness of the floe at its nearest edge was 
6 or 7 feet above the sea, ♦ ♦ * but tlie hum- 
mocks were many of them at least 15 to 25 feet above 
the sea. ♦ * ♦ It was the opinion of Lieut. Beechey 
♦ * ♦ that it very much resembled the ice met 
with at Spltzbergen, ♦ ♦ ♦ but it was very much 
heavier than any they had seen there. 

Elsewhere he says:* 

The ice to the west and southwest was as Solid and 
compact to all appearance as so much land, to which, 
indeed, the surface of many of the fields, from the 
kind of hill and dale I have before endeavored to de- 
scribe, bore no Imperfect resemblance. 

The ice about 200 miles east of the above 

locality had a very different aspect. 

The ice along which we continued to sail this day 
was composed of floes remarkable for their great ex- 
tent and continuity. ♦ ♦ ♦ Their height above 
sea was not generally, more than 12 Inches and their 
surface as smooth and even as a bowling green, 
forming In both these respects a striking contrast to 
the Ice to which we had lately been accustomed more 
westerly.* 

' Parry, W. E.. Journal of a voyage for the discovery of 
the Northwest Passage In 1819-20, p. 205, Philadelphia, 
1821. 

"Idem, p. 214. 

Mdem, p. 225. 
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McClure's voyage took him along the north 

shore of Alaska and Canada and the west and 

north sides of Banks Island. Somewhere near 

the international boundary line they met ice 

of stupendous thickness and in extensive floes, some 
7 or 8 miles In length ; ♦ ♦ * the surface of It was 
not flat, such as we see it in Baffin*s Strait and the 
adjacent seas, but rugged with the accumulated snow, 
frost, and tliaws of centuries.* 

From the north end of Prince of Wales 
Strait, east of Banks Island, the ice was seen 
to be very heavy. 

Great hills and dales of blue crystalline sea ice 
rolled on before them in the direction of Melville 
Island.' 

At the northwest comer of Banks Island 

the pack was of the same fearful description as that 
they had encountered in the offing of the Mackenzie 
River during the previous autumn. The surface of 
the floes resembled rolling hills, some of them 100 feet 
from base to summit, and the eilge of this wonderful 
oceanic ice rose in places from the water as high as 
the Investigator* 8 lower yards." 

During Nansen's drift and sledge journey 
over the Arctic Ocean he recorded a few occur- 
rences of old ice. It could hardly have been 
abundant, else he would have mentioned it 
more frequently. The sledding on these floes 
is so much easier, than over the usual brecci- 
ated fields, that detours are made to reach 
them. Some of the ice seen by Nansen was 

unusually massive with high hummocks, so that it 
looke<l like undulating country covered with snow. 
Tills was undoubtedly very old Ice which had drifted 
In the Polar Sea for a long time on its way from 
the Siberian Sea to the east coast of Greenland. 
* * ♦ High hummocks and mounds are thus formed 
[by pressure] which summer after summer are par- 
tially melted by the rays of the sun and again in the 
winter covered with great drifts of snow.* 

Stockton records a " very large, long hum- 
niocky floe, at least 10 miles in length, several 
miles in breadth, and aground in 80 feet of 
water," * off Cross Island, about 70 miles west of 
Camden Bay. The writer, during a voyage to 
Franz Josef Land which included about 400 
miles of navigation in the vicinity of ice, could 

^McClnre, Robert, Discovory of the Northwest Passage, 
edited by Sherard Osborn, 2d ed., p. 84, London, 1857. 

*Idem, p. 139. 

■ Idem, p. 207. 

♦Naniien, Frldtjof, Farthest north, vol. 2, p. 140, New 
York, 1897. 

* Stockton, C. II., Arctic cruLse of the U. 8. 8. Thetie: 
Nat. Geog. Map., vol. 2, p. 185, 1890. 
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not have seen any such remarkable floes with- 
out remembering them. Neither could Mik- 
kelsen, who was on the same expedition, recall 
seeing any. He was quite positive also that he 
saw none during a previous expedition to the 
oast coast of Greenland. The writer recalls 
reading of a single floe on the west side of 
Greenland, which was so remarkable as to call 
for extended description. It was undoubtedly 
composed of old ice. 

The references given above are sufficient to 
show that old ice is abundant in Beaufort Sea 
and rare or absent elsewhere. The motion of 
the ice from the north shore of Alaska west- 
ward and then northwestward across the pole 
toward Greenland is well established by the 
drifts of the Karluk^ the Jeannette^ and the 
Frarru The old ice floes are caught in this drift 
and should be expected along the course of 
these ships. It is surprising that Nansen did 
not see more of them. 

The old ice differs from ordinary ice in be- 
ing many times as thick as the flat floes and 
in having smooth surface undulations of solid 
blue ice instead of the piles of angular green 
blocks which compose the recently brecciated 
floes. It is very different in aspect from any 
icebergs ever recorded. A glacial origin is very 
improbable. 

Both McClure and Nansen agree in calling 
it very old sea ice, and that is the conclusion to 
\yhich all the whalers have come. Nansen's ex- 
planation that the old floes are the result of 
long thawing of the surface of heavy brec- 
ciated areas accounts for all the known facts. 
There is an abundant supply of heavy masses 
of broken ice, and when sufficient time has 
elapsed, the jagged surface of these floes be- 
comes rounded by thawing. Snowdrifts help 
in filling in the irregularities, but they must 
play a subordinate part. The salt drains out 
of sea ice when the temperature reaches 0° C, 
so that blue fresh-water ice is left. 

The writer has not been able to trace all the 
stages between fresh pressure ridges and old 
blue floes. The ice floes observed by him were 
without exception evidently very young or 
very old. Grounded ridges, known to have 
been exposed to one summer's thawing, become 
somewhat smooth in outline, but the ice is still 
white. A few subangular protuberances have 
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been observed in the old blue floes. Several 
times the outlines of angular blocks could be 
made out, where the structure of the old ice 
was revealed in recent fractures or in the bot- 
tom of surface pools. The contrast between 
recently brecciated ice and old ice is seen in 
Plate XXII, B. 

There is not much information from which 
to estimate the time necessary for the forma- 
tion of old ice. From the effect of a single 
summer the writer would place the time at a 
few years; certainly not centuries, as McClure 
believed. If the new ridges among which 
the drift of the Fram began had become 
changed during the three years that the drift 
lasted to anything approaching the old blue 
ice, the fact could not have escaped notice and 
description. We must therefore conclude that 
three years is far from a sufficient time for the 
formation of old ice. The maximum limit is 
of course dependent upon the duration of the 
Arctic climate, which is probably to be reck- 
oned in thousands of years. From the slight 
amount of evidence obtainable the writer con- 
siders that 20 years is the least time in which 
old ice can be formed. 

The old jice, so far as known, is confined to 
Beaufort Sea or to floes that have probably 
drifted out of this sea. The drift toward the 
west is so constant that no ice formed in this 
sea could be more than a very few years old. 
The old ice must come from somewhere in the 
east where the ice is exposed to great pressures 
and yet prevented from being quickly swept 
away by the general drift. There must be a 
small outlet from this region, through which 
the old floes can escape into Beaufort Sea. 
There is no source possible in the Amundsen 
Sea, between Canada and Banks Island, nor 
in Melville Sound to the north, where, as 
stated above, Parry found the ice to be pre- 
dominantly in flat floes. 

The greatest amount of old ice on record is 
southwest of Prince Patrick Island, where it 
remained near shore even against heavy winds. 
This lack of movement suggests a land barrier 
to the west, where Harris has placed a neck 
of his hypothetical Arctic land (p. 59). 
Thus the most probable gathering ground for 
the old ice is to the north and west of Prince 
Patrick Island, in an area sufficiently large for 



the development of great ice pressure, and 
which is nearly cut off from Beaufort Sea» 
The existence of a land barrier is more likely 
than that the ice is kept out of the general drift 
by a local eddy of the current The chief out- 
let from this gathering ground is thought to be 
southward along the shores of Banks Island. 
This outlet must be small in comparison to the 
area in which the old ice is formed. 

Harris ^ mentions the existence of the old ice 
of Beaufort Sea in his discussion of the sup- 
posed land. Mikkelsen' also mentions it in. 
several places. They both hold that the old ice 
has its origin in Beaufort Sea. 

In the writer's opinion the distribution of 
the old ice strongly supports the evidence 
drawn from the tides of the existence of land 
in this region. 

DEPOSITS OF ERODED XATEBIAL (BSCEHT). 

TaLu8. — From expressions like " shattered by 
the intense action of the Arctic frost," used in 
descriptions of Arctic rocks, one would expect 
to find talus very extensively developed in the 
Arctic Mountains, but there seemed to be no 
difference between the slopes of these moun- 
tains and those of the higher mountains of 
lower latitudes. The chief work of frost is at 
the change from above to below the freezing 
point, and as the mountains of temperate 
regions are more frequently exposed to this 
change the shattering should be less in the Arc- 
tic. For a great part of the year the tempera- 
ture is permanently below freezing, and the 
Sim is either low or absent, so that the rocks 
are not warmed by absorption. In summer the 
daily range is not great, for the sun is above 
the horizon continuously. 

On Okpilak River the talus, in addition to 
lying at the usual angle, commonly takes bench- 
like forms, whose general aspect is that of 
slumping rather than that of a steady flow as 
described by Capps.' The fronts of the benches 
as a rule are steep, and the tops are uneven and 
commonly slope downward toward the moun- 
tain side. Undoubtedly there is ice among the 

» Harris, R. A., Arctic tides: U. S. Coast and Geodetic 
Survey, p. 91, 1911 ; Indications of land in the vicinity of 
tlie North Pole : Nat. Geog. Mag., vol. 15, p. 257, 1904. 

^ Mikkelsen, EJnar, Conquering the Arctic ice, pp. 13-15, 
226, 438, London and Philadelphia, 1909. 

' Capps, S. R., Rock glaciers in Alaska : Jonr. Geology, 
vol. 18. pp. 359-375, 1910. 
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talus blocks, but the deposits do not seem to be 
of sufficient magnitude to flow as a body. The 
low ground temperature, even in the summer, 
may interfere with such a flow. 

AUuvial fans. — ^Large alluvial fans have 
been built out from the hanging valleys of 
Okpilak Biver. The largest reach an eleva- 
tion of about 600 feet above the river flat and 
extend with slopes as high as 17° out to the 
middle of the valley, in many places deflecting 
the river. 

Levees. — ^The drainage lines upon the allu- 
vial fans are generally in the form of levees. 
Some of these troughs are built to a height of 
10 feet above the general level of the fan. The 
material in the banks of the levees is remark- 
able in size. Boulders 6 feet in diameter are 
common, and one was noted to be at least 15 
feet. 

River gravels. — All the larger rivers flow 
among fresh gravel bars and have a flood plain 
of older gravels. The material is coarse, even 
near slack water at the coast. Okpilak Biver, 
near the edge of the mountains, has a gravel 
filling nearly a mile wide and probably 200 
feet deep. 

Coastal silts. — All the larger rivers have de- 
posits of silt in the slack water near the coast. 
Mud flats are being built out also. Most of 
these flats are less than a mile wide; those on 
Sagavanirktok Biver, however, may be twice 
this width. It is impossible to see land from 
a small boat off the Colville delta in places 
where the water is only a foot deep. 

Silt dunes line the western banks of the delta 
channels. They are locally very numerous, 
but hardly any of them rise more than 15 feet 
above the ground upon which they are built. 

Coastal sands and gravels, — Wherever waves 
have access to the shore, the usual beach de- 
posits of sand and gravel are formed. Many 
spits are built out from the land, and some of 
them are prolonged into barrier reefs many 
miles in length. The material of these sands, 
when derived from the Flaxman formation, is 
entirely foreign to the country and has misled 
prospectors as to the probable country forma- 
tions. Magnetite, "ruby sand," and granite 
are among the constituents, and these are con- 
sidered to indicate a region favorable for pros- 
pecting. 



GEHEBAL STRUCTXTEE OF THE EEGIOH. 
ARCTIC MOUNTAIN SYSTEM. 

The structure of that part of the Arctic 
Mountains which is considered in this report 
has been produced chiefly by folding and 
thrust faulting of Paleozoic rocks along nearly 
east and west lines. Some Mesozoic rocks are 
also involved in this folding. Many of the 
folds are sharply overturned toward the north 
and faulted along the axis. The upward move- 
ment of all east and west faults came from the 
south. 

Schrader's section * along the 152d meridian 
shows the same general structure near the 
northern boundary of the Arctic Mountains. 
Maddren's section along the 141st meridian, 
which is not published, shows the same east 
and west folding and faulting, but the defor- 
mation has been more intense than in the areas 
farther west. 

FBAHXLIH XOUHTAnrS. 

Canning River. — ^At the forks of the Can- 
ning the Lisburne limestone overlies the Neru- 
okpuk schist in a relationship which is prob- 
ably due to thrust faulting from the south. 
The limestone and schist both dip monodi- 
nally toward the south, but at different angles, 
that of the schist being about 30° and that of 
the limestone half as much. The limestone, 
which lies north of the schist in fault contact, 
has a synclinal structure for the first few 
miles, and then there is a gap containing 
crumpled rocks whose structure could not be 
made out. This complicated area has been 
left blank on the geologic map and section (PI. 
II). The limestone immediately north of it, 
though in general of monoclinal structure, 
has minor plications and even infolding. 
Underlying this area of limestone, and prob- 
ably in conformable relations to the limestone, 
are the black shales of Mississippian or De- 
vonian age, which are closely crumpled and 
even slaty. These shales are brought up by 
faulting against the limestone, which here 
forms the northern scarp of the mountains. 
The frontal belt of limestone has a sharp fold, 
as shown in Plate XXIII. At the place where 

^Schrader, F. C, op. cit., pi. 3. 
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the photograph was taken there does not seem 
to have been faulting along the crest of the 
upward fold, but the aspect of the front of the 
mountains is that of a fault scarp. 

SadlerochU River. — At the glacial lakes of 
the Sadlerochit the steeply southward-dipping 
schists end against the narrow belt of perpen- 
dicularly dipping limestone in relations that 
are probably due to faults. North of the lime- 
stone the younger beds are so much disturbed 
that their structure was not made out. 

Hulahula River. — On the Hulahula thrust 
faulting is thought to have brought the upper 
schist belt into contact with the upper lime- 
stone belt, and to have thrown this limestone, 
with its underlying Mississippian or Devonian 
shales, up against the lower schist belt. The 
rest of the river was hurriedly traversed in 
bad weather, sq that little of the structure of 
the rocks along it was noted. On the east side 
of the river, abreast of the granite, the struc- 
ture is probably very complicated. 

OkpHak River. — Above the forks of the Ok- 
pilak there are vertical or steeply southward- 
dipping beds of a- rock that was considered to 
be a more highly altered phase of the Neruok- 
puk schist. The granite, which runs from the 
forks nearly to the north edge of the moun- 
tains, is conspicuously jointed in two or three 
planes. Veins of softyer material are common 
along the chief joints. At its northern edge 
the granite is overlain by closely folded and 
shattered limestone, which in general dips 
northward. The younger bods north of the 
limestone are so crumpled and shattered that 
their structure could not be made out. The 
northern front of the mountains at this locality 
does not appear to be determined by a fault. 

OXTTLYIKO KOTTNTAINS. 

Third Range. — The narrow belt of moun- 
tains known as the Third Range is separated 
from the Franklin Mountains by Ikiakpuk 
Valley. It is formed by a sharp-crested fold, 
which is steeply overturned toward the north. 
The apex of the fold had been eroded away 
near the west end of the range, and ho signs of 
displacement could be made out within the 
homogeneous limestone. The western end of 
this fold seems to plunge downward toward the 
Canning, but the eastern termination is indefi- 
nite. If the isolated ridge at the Hulahula, 



which falls into line with the Third Bange, 
is a part of the same fold, then cross folding 
must have occurred, for the west side of that 
ridge dips toward the west 

Ikiakpuk Valley has been formed by the 
removal of the soft Mesozoic rocks from the 
syncline between the Franklin Mountains and 
the Third Range. 

JSfuU)lik Mountains. — Only the western end 
of the Shublik Mountains was examined. There 
the limestone beds rise from the south and 
extend nearly horizontally to the northern 
front, where they abruptly give way to verti- 
cal beds. There the apex of the fold is so 
sharp that fracturing must have taken place 
and probably faulting also. These mountains 
are terminated at the Canning by plunging on 
the north and by cross- faulting on the south. 
The eastern end, as observed from a distance, 
seemed to plunge. 

Ikiakpaurak Valley is also structural, but in- 
stead of an apparent open syncline, as in Iki- 
akpuk Valley, there is an evident synclinorium 
of two or three folds. 

Sadlerochit Mountains. — The structure at the 
narrow west end of the Sadlerochit Mountains 
is similar to that of the two other ranges; a 
monocline on the south changes into nearly 
horizontal beds over the top and ends verti- 
cally on the north. That there was faulting 
along the apex of the overturned fold is shown 
by a zone of breccia between the horizontal and 
vertical beds. 

In the section exposed near the eastern end 
of these mountains at Itkilyariak Valley the 
structure is much the same. A fault within 
the limestone belt is perhaps the continuation 
of the one at the western front. The eastern 
front does not end in a fault scarp but in 
northward-dipping beds. 

The west end of the fold plunges down un- 
der the Mesozoic rocks of Red Hill and the 
east end, as observed from a distance, seems to 
plunge also. 

ANAKTirVTJK PLATEAU. 

In the few exposures along the rivers, the 
Mesozoic and Tertiary rocks that form the 
Anaktuvuk Plateau are seen to be deformed, 
but not to such an extent as the Paleozoic rocks 
of the mountains. Highly dipping beds on 
the west side of the Canning opposite Shublik 
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Mountains probably mark the prolongation of 
this plunging anticline. North of Sadlerochit 
Mountains there are gentle folds and near the 
coast there are northward-dipping beds. At 
the head of Marsh Creek there is an area of 
complicated structure produced by faulting in 
two or three directions, so that the Mesozoic 
and Paleozoic formations have been brought 
into relations which are not understood. On 
Okpilak Biver the formations are very closely 
crumpled. 

COASTAL PLAIN. 

The beds that form the surface of the coastal 
plain are nearly horizontal and are apparently 
disturbed only by the work of frost. The 
writer was unable to determine whether or not 
the beds that form Barter Island are de- 
formed, but it is probable that they dip away 
on all sides from this dome. 

HISTORICAL GEOLOGY. 

The earliest event recorded in the Canning 
Biver region is the deposition of the material 
out of which the quartzite schist was formed. 
Following this deposition there was a period 
of deformation in which the sediments were 
changed into schists. Evidence as to the early 
succeeding periods is lacking in this region, but 
in other areas there was uplift, accompanied 
by mountain building and followed by ero- 
sion.^ 

No fossiliferous deposits of pre-Carbonifcr- 
ous age were found in the region under discus- 
sion, but as Devonian deposits have been re- 
ported elsewhere in the Arctic Mountains,^ 
we are justified in attempting to- outline the 
history of these mountains since the Devonian 
period. At the close of the Devonian the land 
emerged above the sea sufficiently to allow the 
growth of the plants in the earliest Mississip- 
pian. About the time of deposition of the 
Mountain limestone of Europe, the land sank 
sufficiently to allow the deposition of a great 
thickness of limestone over much of the area 
now occupied by the Arctic Mountains. 
Locally the conditions were favorable for the 
formation of the sandstone. During the mid- 

* Smith, P. S., The Noatak-Kohok region, Alaska : U. S. 
Geol. Survey Bull. 536, p. 122, 1913. 
' Idem, pp. 68-69. 



die of this period there were extrusions of 
greenstones. 

About the close of the Mississippian epoch 
there was an abrupt change from tlie forma- 
tion of limestone to that of sandstone in the 
Canning River region, but elsewhere either 
limestones or shales were deposited. The close 
resemblance of the Alaskan Carboniferous 
fauna to the European points to an uninter- 
rupted path for migration between the two 
regions. 

The history of Arctic Alaska during late 
Pennsylvanian, Permian, and Lower and Mid- 
dle Triassic times is unknown. Either there 
was little deposition during this interval or 
else the deposits have been eroded away, for 
there are only 300 feet of beds in the Canning 
River region and 600 feet near Cape Lisbume 
that represent the deposits of that time. What- 
ever may have been the history, it is certain 
that at the close of the Paleozoic era no de- 
formation took place. 

The Upper Triassic was an epoch of deposi- 
tion of dark sandstone, shale, and limestone 
over much of Arctic Alaska. During the close 
of this epoch no deformation took place in 
the Canning River region, and the deposition 
was either continuous or was interrupted for 
only a brief time before the deposits of the 
Lower Jurassic were formed. During the 
Jurassic period the land was elevated suffi- 
ciently for the formation of coal beds. The 
sandstones with basal conglomerate mark sev- 
eral oscillations at about sea level. 

Smith' states that in the Kobuk-Noatak re- 
gion there was a period of mountain building 
after the close of the Triassic, after which ero- 
sion removed material to form new deposits. 
In the Canning River region the bedding of all 
the formations from Mississippian to Jurassic 
is approximately parallel, so that no great 
amount of deformation could have taken jplace 
there. 

The definite pre-Tertiary history of the re- 
gion ends with the Jurassic, but deposition 
took place elsewhere in Lower Cretaceous time 
and was followed by deformation, uplift, and 
erosion. Deposition again commenced jn the 
Upper Cretaceous and probably extended into 
the Eocene.' 

* Smith, p. a, op. dt., p. 12S. 
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Some time after this late Mesozoic and per- 
haps Eocene deposition the rocks in the area 
now occupied by the Arctic Mountains were 
deformed into nearly their present structure. 
This deformation was formerly believed to 
have occurred at the same time as that of the 
Kocky Mountains in the United States and 
Canada, and the Arctic Mountains were 
thought to be a continuation of the Rocky 
Mountains. Smith concludes that there was 
lio stratigraphic break between the Mesozoic 
and the Tertiary. 

In the Canning River region the only evi- 
dence is that the deformation took place be- 
tween Jurassic and Pleistocene time. After 
this defonnation and uplift erosion began. If 
the Endicott Plateau was formed by base level- 
ing the Arctic Mountain area must have b^n 
above the sea during much of the Tertiary. 

During this period of erosion there was depo- 
sition over the area north of the mountains. 
The full history of this sedimentation is not 
known, but in the Colville region there are in- 
dications of a temporary emergence of the land 
during the Pliocene, whereas during the same 
period in the Canning region shales were de- 
posited. This deposition was followed by 
deformation and uplift of the Pliocene beds, 
and probably of the w hole mountain area. 

This deformation and uplift was followed 
by a period of erosion, during which the soft 
Mesozoic and Tertiary beds were leveled off 
and the mountains reduced nearly to their 
present topography. This period of erosion is 
believed to have lasted during much of Pleisto- 
cene time. At the same time sediments were 
being laid down under the area now occupied 
by the coastal plain. Then came an uplift of 
the Anaktuvuk Plateau, with the accompany- 
ing erosion of the present valleys by •rivers 
which flowed out from the already established 
mountain drainage system. There may have 
been a pause in this uplift, during which the 
margin of the ocean was at the northern front 
of the upland, for the topographic break there 
may be the result of wave erosion. Later the 
uplift was continued until the coastal plain 
was brought nearly into its present position, 
which probably occurred shortly before the 
Wisconsin stage of glaciation. 

While the Wisconsin ice sheet lay over Can- 
ada and the northern United States, the Arctic 



Mountains were also glaciated. All the major 
valleys were filled with ice from 1,000 to 3,000 
feet thick, and ice tongues pushed to a dis- 
tance of several miles beyond the north front 
of the mountains. The Keewatin ice sheet ad- 
vanced from Canada into the Arctic Ocean; 
icebergs broke off and drifted along the Alas- 
kan .shore, dropping foreign boulders and till, 
and perhaps grounding permanently on the 
mud flats near the mouths of rivers. Since 
that time a slight uplift has raised many of the 
boulders above the sea, and there have been 
minor uplifts and subsidences all along the 

coast line. 

GE0M0RPH0L06Y. 

ARCTIC XOimTAIHS. 

The Arctic Mountains received their present 
structure from deformation which took place 
near the close of the Mesozoic eri but whether 
in late Mesozoic or early Tertiary is not yet 
certain. After this deformation the moun- 
tains were subjected to erosion until the softer 
Mesozoic beds had, so far as known, been re- 
moved from their summits, and considerable 
erosion had taken place in the harder rocks of 
the Paleozoic. According to the generally ac- 
cepted belief, most of Alaska w^as in post- 
Cretaceous times reduced to base-level.^ The 
Arctic Mountains in particular are thought by 
Schrader * to have been planed off, and he has 
introduced the term Endicott Plateau for the 
peneplain. 

In the Canning River region, with the ex- 
ception of the Romanzof Mountains, there is 
the same general accordance of summits which 
Schrader observed farther west. As the writer 
knew of the views of Brooks and Schrader 
upon the subject, and was not aware of the 
change of attitude of many geologists toward 
postulating peneplains over every area of ac- 
cordant summits upOn this evidence alone, he 
considered it a settled matter while in the field 
that the Arctic Mountains had been carved out 
of an elevated plateau of erosion. In conse- 
quence of this opinion a careful watch was not 
kept for evidence which might have a bearing 
upon the question. 

As the burden of proof now seems to lie 
upon one who postulates an uplifted peneplain 

1 Brooks, A. IT,, The geography and geology of Alaska: 
U. S. Geol. Survey Prof. Paper 45. pp. 28d-290, 1906. 

2 Schrader, F. C, op. clt, pp. 42-43. 
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in a rugged mountainous area, the writer will 
present a few observations, and leave the ques- 
tion open as to the ancient plateau feature of 
the Arctic Mountains. 

The topographic, map (PL I, in pocket) is 
not sufficiently accurate in its elevations to 
show the apparent accordance of summits, but 
Schrader's illustrations^ bring this out very 
clearly. A plain which included the sunmiits 
in the region under study would lie about 6,000 
feet above sea level. 

Locally somewhat flat-topped areas rise to 
the same level as the peaks and ridges (PL 
XXIV, A and B). Plate XII (p. 51), a view 
taken at the northern front of the Romanzof 
Mountains, shows a flat-topped area sloping 
toward the east. This area is underlain by de- 
formed Paleozoic and Mesozoic rocks and is 
very suggestive of peneplanation. 

One who sees peneplanation in every flat- 
topped area in the mountains will probably 
be able to make out a second and lower stage 
of erosion in the shoulders of some of the 
peaks. This feature is well illustrated at the 
west end of the Shublik Mountains. Here 
there is a well-defined bench 600 to 800 feet 
below Mount Copleston. Plate XXV, -4, 
shows a flat-topped ridge in which the gently 
southward dipping beds end against the nearly 
horizontal top of the ridge. These shoulders 
occur so generally that they are strong evidence 
of a halt in the uplift of the mountains. 

In discussing the development of a possible 
peneplain over the Arctic Mountains the drain- 
age system must also be considered. Within 
the Franklin Mountains the rivers flow across 
the folds and faults with very little deviation 
from their northward course. Although the 
three outlying ranges have to a great extent 
been avoided, the Sadlerochit cuts across the 
east end of the Third Range, and there is good 
evidence that it formerly ran through the east 
end of the Sadlerochit Mountains. There is a 
gap through the west end of the Shublik 
Mountains through which the Canning is 
thought to have formerly flowed, and a corre- 
sponding gap behind Red Hill, at the west end 
of the Sadlerochit Mountains. 

Such a drainage system should have origi- 
nated on a northward-tilted flat surface. 
There are three possible hypotheses to be con- 

^ Schrader, F. C, op. cit, pi. 7. 



sidered. According to the first hypothesis, at 
the end of Mesozoic or early Tertiary sedimen- 
tation, the land was uplifted and tilted toward 
the north. The drainage was then established 
in rather closely spaced, northward-flowing 
rivers. Then came the folding and faulting, 
which produced the present structure of the 
mountains. This deformation came on m 
slowly that the drainage was not diverted but 
kept its course across the growing faults and 
folds. Under this hypothesis the present ac- 
cordance of summits must be accounted for by 
other processes than planation by the sea or the 
rivers. 

The second hypothesis is that the mountains 
were deformed and elevated and reduced 
nearly to sea level again. The peneplain was 
then elevated and tilted to the north and the 
ancient rivers were rejuvenated. Under this 
hypothesis the rivers should show some signs 
of the previous cycle of erosion, such as com- 
plete adjustment to rock structure. It is shown 
just above that the present drainage is not com- 
pletely adjusted, and that it was much less so 
earlier in the present cycle. When the sup- 
posed river planation had proceeded to a de- 
gree sufficient to bring the summits within 
their present accordance, such closely spaced 
parallel rivers would hardly persist. Some 
meandering over the ancient plain is to be 
expected. 

The third hypethesis is that after the moun- 
tains had been deformed and uplifted they 
were reduced to a peneplain over which the sea 
encroached. Sediments were laid down, and 
when the marine plain was uplifted the rivers 
flowed in straight lines toward the north. The 
new rivers intrenched themselves in the hori- 
zontal homogeneous rocks, and when they had 
cut down to the old deformed rocks they kept 
their courses across the structural lines. Un- 
der this hypothesis all the facts known to the 
writer are accounted for. 

The Romanzof Mountains, which are com- 
posed of granite, show a similar accordance of 
summits, and a plain may be recognized at 
an elevation of about 3,000 feet above the 
Endicott Plateau, as Schrader terms it. (See 
PL XII, p. 51.) The Romanzof Plateau may 
have been the result of marine, fluvial, or sub- 
aerial planation, for all that the writer could 
tell. If of marine or fluvial origin it must be 
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older than the Endicott Plateau, provided that 
is of the same origin. If both plateaus are the 
result of snbaerial planation the different levels 
may be the result of the difference of hardness 
in the rocks. 

AHAXTxnnrK plateait. 

The writer can not say whether the Arctic 
Mountains had ever been base-leveled, chiefly 
because he did not find sufficient areas of the 
supposed peneplain. With regard to the Anak- 
tuvuk Plateau there does not seem to be any 
uncertainty, for throughout most of the up- 
land the ancient .surface still persists over 
beveled-off folds and tilted beds. The even- 
crested ridges that lead out from the moun- 
tains on most of the rivers show this plateau 
feature (PL XIII, A and B, p. 52). 

The Ajiaktuvuk Plateau nearly everywhere 
in the Canning Biver region ends against the 
fault or sharp fold which forms the northern 
scarp of the Arctic Mountains. This relation 
was also observed near the Colville by Schra- 
der.^ With only such simple relations to con- 
sider there is no reason for separating the 
Endicott and Anaktuvuk plateaus, as Brooks * 
has brought out. They might represent one 
period of erosion, and their present relations 
might have resulted by differential uplift along 
the northern scarp of the mountains. In the 
upland basin behind the east end of Sadlerochit 
Mountains, however, the relations are such that 
the two levels can not be the Besult of differen- 
tial uplift of a single plain. The Anaktuvuk 
Plateau occurs on both sides of these moun- 
tains and around the outliers of the other 
minor ranges. 

Brooks * suggests that the level of the Anak- 
tuvuk Plateau may pass below the undisturbed 
Pliocene beds found by Schrader on the Col- 
ville, and that the plateau is thus pre-Pliocene 
in age. In the Canning Biver region, where 
Pliocene beds are tilted and beveled off, the 
evidence indicates that it is post-Pliocene. 
Near the coast at the upper end of Camden 
Bay, where the beveled Pliocene beds were 
found, the Anaktuvuk Plateau has lost a good 
deal of its plateau feature, but no break could 
be seen between this area and the more evident 
plateau behind it. Unless there were two levels 

* Schrader, F. C, op. clt., p. 45. 
•Brooks, A. H., op. clt., pp. 288, 290. 
*Idem, p. 275. 



of planation which fell so closely into line that 
no break was observed, the whole upland was 
planed off in post-Pliocene time. 

Whether the planation of the upland was 
marine or fluvial or whether the sea encroached 
upon the plain after fluvial planation is not at 
present known. A deposit of wash material 
overlies the beveled Pliocene beds and has been 
described under the heading " Upland gravels " 
(p. 130), but whether it is marine or 'fluvial the 
writer is unable to say. O'Neill * gives the fol- 
lowing description of the upland which fronts 
the Arctic Mountains near the international 
boundary : 

The section on the Firth River showea a pene- 
plained surface over whl,ch is spread a mantle of 
stratified muds, sands, and gravels. Fossils were 
obtained from the folded rocks below and from the 
overlying loose material, so that a limiting range wiU 
be obtained for the age of erosion. 

On the next page these overlying stratified 
deposits in the section along the Firth are 
considered to be " apparently a river deposit, or 
formed imder flood-plain conditions." 

At the close of the period of erosion, during 
which the soft Mesozoic and Tertiary rocks 
were reduced to a peneplain, there was an up- 
lift accompanied by northward tilting, which 
brought the Anaktuvuk Plateau nearly into its 
present position. In many places the outer 
margin of the upland suggests that faulting 
took place during the uplift. The plateau 
ends in a north and south scarp at Sadlerochit 
River. On the Canning the upland is higher 
on the west side than on the east. Thus there 
seems to be a tilted block Ijang between the two 
rivers. 

As the valleys in the upland near the base of 
the mountains seem in general to be more ma- 
ture than they are near the coast, the tilting^ 
probably took place gradually. By the time 
the last glaciers, probably of Wisconsin age, 
pushed out of the mountains, the upland had 
been brought practically into its present state 
of erosion, for the ice fl.owed in preglacial 
valleys. 

COASTAL PLAIN. 

While the Anaktuvuk Plateau was being 
base-leveled in early Pleistocene time, sedi- 
ments were being laid down over the area 

* O'Neill, J. J., Canadian Arctic expedition : Canada GeoU 
Survey Summary Rept for 1914, pp. 113-114, 1915. 
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now occupied by the coastal plain, and in late 
Pleistocene or early Recent time this plain 
was elevated nearly into its present position* 
Very little deformation took place during the 
elevation. There are local domes at Barter 
Island and Herschel Island which rise 60 and 
500 feet above the coastal plain, but although 
these domes reveal Pleistocene formations, it 
is not known whether their deformation took 
place at the end of the Pliocene or in the 
Pleistocene. 

At present the rivers have graded courses 
almost at the surface of the coastal plain, so 
that the amount of erosion is nearly balanced 
by the deposition. The Okpilak seems to have 
locally built up the plain by outwash during 
the last stage of glaciation. 

The evidence as to the tipie of emergence of 
the coastal plain is slight. The few fossils 
from the sands at Point Barrow are said by 
Dall to be Pleistocene and Pliocene. The ab- 
sence of Flaxman boulders from the coastal 
plain, except along th^ seaward edge, points 
strongly to a pre- Wisconsin age for the whole 
plain. Peat deposits 8 to 10 feet thick point, 
according to Capps,^ to an age at the coast 
greater than 2,000 years. The evidence from 
ice wedges indicates that the age of the sea- 
ward edge of the coastal plain is not more 
than 1,000 or 2,000 years, but this evidence is 
founded upon very weak grounds. The evi- 
dence from the great amount of material trans- 
ported along the coast by waves and current's 
is that the coastal plain has been at about its 
present position for a very long time. The 
barrier islands that extend nearly 50 miles west 
of Flaxman Island are composed of material 
washed out of the Flaxman formation. This 
work must have required a long period, for 
the only known source is at Flaxman Island 
and east of that place. 

COAST LINE. 
DEVELOPMENT. 

The coast line took approximately its present 
position at the end of the uplifting of the 
coastal plain. The waves have modified it, 
however, by cutting against the shores in some 
places and by building it up in others. The 

* Capps, S. R., Age of the laRt jrreat glaciation of Alaska : 
Washington Acad. Sci. Jour., vol. 6, pp. 108-116, 1916. 



result is that now the coast is marked by low 
banks, sand spits, and barrier beaches and 
islanda To these the rivers have added their 
deltas. 

There are evidences of minor undulations in 
the coast line since it took nearly its present 
position. At Barter Island there are faint 
beaches and wave-cut scarps above the reach of 
modern waves. Where the west bank of the 
island fades out upon the southern flat an old 
sand and gravel beach runs along the foot of 
the bank and then runs south over the flat, 
nearly parallel to the present beach line and 
about 4 feet above it. Between this old beach 
and the shore there is a flat about a hundred 
yards wide and slightly lower than the crest of 
the beach. The driftwood along this beach is 
very rotten, logs 2 feet in diameter being in- 
corporated into the soil. To judge from the 
state of this wood in comparison with the wood 
of old Eskimo houses, the time of deposition 
must have been several hundred years ago. No 
rise of tide sufficient to flood this beach was 
experienced during the nine summers of the 
writer's observations. 

Half a mile northwest of the same bank there 
is a bench 50 to 100 feet wide, cut into the west- 
em side of the island at an elevation^of about 
6 feet above the 4-foot flat which fringes the 
coast at this place. At the place where the 
high bank on the east side of the island swings 
in upon the southern flat it fades out into a 
grassy slope, upon which an elevated bench can 
be traced for about a mile by scattered scarps 
which have not yet been obliterated. 

The evidence is that Barter Island formerly 
stood about 9 feet lower than at present. At 
the point where the coastal plain abuts against 
the front of the upland, 4 miles east of CoUin- 
son Point, there are a few dark patches, which 
were considered to mark an old wave scarp. 
The elevation was estimated at 15 feet. 

The deltas of many of the rivers have silt 
islands whose level surface is well above the 
present reach of flood tide. The maximum ele- 
vation is about 25 feet, at Howe Island, at the 
edge of the Sagavanirktok Delta. 

In addition to the foregoing evidences of 
slight uplift of the coast, there is an accom- 
panying evidence of depression, so that a slight 
vertical undulation of the shore line is indicated. 
A few miles westof Oliktok the mouth of a small 
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creek is drowned for several hundred yards. 
The western arm could not be waded, but the 
creek which emptied into it could be stepped 
across. Fawn Creek, east of Gwydyr Bay, has 
an estuary nearly a mile long, up which a boat 
may be taken. Perhaps the best illustration 
of a drowned valley is in the meandering estu- 
ary which runs 2 or 3 miles inland behind 
Konganevik, on the west side of Camden Bay. 

BECENT CHANGES. 

The maps of the early explorers are on such 
a small scale that it is necessary to depend to 
a great extent upon the narratives in discussing 
changes of the coast line in historic time. 

Franklin mention^ an Eskimo encampment 
on a sand island near Sadlerochit Eiver in 
1826. To-day there are only some islets nearly 
awash at this place, upon which it would be 
unsafe to camp. Boulder Island and its 
neighbor in Camden Bay have been entirely 
cut away. CoUinson saw these islands in 1854, 
and old natives have reported that, they had 
seen them many years ago. On the writer's 
map (PI. V, in pocket) shoals are marked near 
the former localitv of Boulder Island. The 
string of* sand islands which ran west from* 
Boulder Island are represented now by only 
one or two bars. 

It is evident from the difficulty which Frank- 
lin experienced in going inside of Flaxman 
Island that the channel was formerly different. 
During the years 1906 to 1914 there was not less 
than 9 feet of water close to the east end of the 
island, and at the southeast spit there were 3 
fathoms within 50 feet of the beach. Flaxman 
Island is described as 4 miles long, 2 miles 
wide, and about 50 feet high. The length was 
not greatly different from that of to-day, but 
the breadth seems formerlv to have been much 
greater. It is now not over a mile wide, and 
nowhere is it over 25 feet high. The shape on 
Franklin's map is different also, as there is a 
convex shore line on the northern side, whereas 
the modern shore line is straight. It seems 
safe to say that at least half a mile has been 
cut away from the northern side since 1826. 

• In addition to the evidence from Franklin's 
narrative of the greater size of Flaxman 
Island in former times, there is evidence on 
the island itself. There are drainage lines 



leading toward the south side which have been 
beheaded at the bank which fronts the ocean. 
From the aspect of the lines the inference was 
drawn that a greater area has been cut away 
than exists at present. 

In 1837 Dease and Simpson stated that there 
was a passage inside of the tundra island 
which they named Cape Halkett. At present 
this passage is closed by a spit which runs out 
from the mainland. The reefs west of Cape 
Halkett are now replaced by sand bars. 

Cape Simpson, according to the narrative of 
Dease and Simpson and as shown on their 
map (fig. 5, p. 74), was a sharp point project- 
ing a mile or so into Smith Bay. This point 
has been cut away, so that it is now impossible 
to locate the place where the name was applied. 
The maps of the coast line at Point Drew and 
Cape Simpson, as drawn by both Dease and 
Simpson in 1837 and by Maguire (figs. 5, p. 74, 
and 6, p. 81) in 1853, are so similar that there 
can not be any doubt of their general accuracy. 
When these maps are compared with the 
writer's map (PI. Ill) the amount of erosion 
at these places becomes apparent. 

The dimensions of the deer pond near Point 
Drew, as well as the shape of this point as it 
appears on Dease and Simpson's map (fig. 5, 
p. 74), show that a considerable amount of the 
land has been cut off by the waves since 1837. 
The lake is stated to have been 4 miles inland ; 
at present it is not more than 2 miles. 

With the exception of the changes men- 
tioned the coast line seems to be about the same 
as it was nearly a century ago. Most of the 
names given by Franklin and by Dease and 
Simpson can be confidentlv located upon the 
writer's map. 

There is very good evidence that some parts 
of the coast line have been stationary for cen- 
turies. On the sand spit running east from 
the north end of Barter Island there are 
Eskimo ruins which must be very old. The 
same is true of Arey Island. The woodwork 
of the houses is decayed even under the ground, 
so that there is simply a mound of gravel to 
mark the location of a former gravel-covered 
driftwood hut. There are huts with the frame? 
work still standing at Collinson Point, yet 
none of the living natives knew who formerly 
inhabited them. Collinson mentions passing 
several huts on a shingle point in 1854, prob- 
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aLly those on CoUinson Point The age of the 
older huts near Barter Island must be many 
times that of those at CoUinson Point. 

In addition to the evidence from the ancient 
houses, there is the evidence from the vegeta- 
tion on the sand spits and islands. It seems 
certain that moss and grass require many 
years to secure a foothold upon gravel and 
sand, yet many of the larger islands are cov- 
ered by such vegetation. Although the beacon 
on Cross Island was erected before Stockton's 
visit in 1889, the gravel is still bare around its 
base. 

RATE OF EROSION. 

That the coast is locally being cut back is 
evident from the numerous fresh banks. The 
rate of retreat of the shore probably varies 
with the nearness of the sea ice to the shore. 
The blocks that break off after being undercut 
may remain at the foot of the bank to protect 
it for several seasons. Consequently observa- 
tions must be carried over a period of several 
years to ascertain the rate of retreat at any 
place. 

During a single gale lasting two or three 
days a tundra islet in the sand spit on the 
north side of Flaxman Island was cut entirely 
away. The dimensions of this islet were ap- 
proximately 50 feet long, 30 feet wide, and 5 
feet high. The prospector Arey dug an ice 
cellar in 1901 at Brownlow Point, east of Flax- 
man Island. It is reported to have been a 
hundred yards from the beach. In the summer 
of 1907 the sea had cut the shore back so that 
this ice house was exposed in the bank. Allow- 
ing for a generous overestimation of the dis- 
tance a rate of more than 30 feet a year is indi- 
cated for the retreat of the coast at this place. 

If Flaxman Island has been cut back half 
a mile since 1827, an annual retreat of 30 feet 
is indicated. At Point Drew the rate may be 
over a hundred feet and at Cape Simpson 
about the same. These localities, however, are 
exceptional. 

During the open season of 1911, all the ex- 
posed parts of the coast were affected by the 
waves. During the next summer all the banks 
were lined with the blocks which had broken 
off. In 1914 some of these blocks were still in 
existence. An average retreat of 10 feet for 
all the cliffs on the north shore is estimated 



for the summer of 1911, but as scarcely any 
retreat occurred between 1911 and 1914, the 
average retreat must have been less than 4 feet. 

The writer regrets that he did not place a 
line of stakes near the north side of the island 
when he first arrived, so that the amount of 
erosion might have been measured between 
1906 and 1914. In 1914 the boulder shown in 
figure 9 (p. 143) was found by pacing to be 55 
yards from the top of the bank. It is of light- 
colored granite, about 5 feet long, and lies on 
the tundra about a mile from the northeast 
coimer of the island. At the same time there 
were two abandoned native huts near the base 
of the spit north of the writer's house, which 
were 5 and 42 yards, respectively, from the 
northern bank. The northernmost one was 
formerly inhabited by a native named Wixrak 
and the other by one named Kaurnaurak. 

The writer's large-scale map of Flaxman 
Island (PI. V, in pocket) is thought to be suf- 
ficiently accurate to show changes of hundreds 
of feet, so that a resurvey at a distant date will 
give a fair value of the rate of retreat of the 
shore. The other portions of the map vary in 
accuracy, but near triangulation points on the 
coast any changes of 50 feet ought to be re- 
vealed. Unfortunately many of the stations 
are so near to cliffs that they will be washed 
away before any use will be made of them. A 
sufficient number, however, may be recovered 
after a long period, for the purpose of compar- 
ing the writer's shore line with a new survey. 

■ 

DRAINAGE. 

OhfUah River. — The Okpilak seems to have 
had an orderly development, flowing out of 
the granite area and running to the coast with 
no apparent interruptions. Its floor at the 
edge of the mountains is so much higher than 
that of the Hulahula that eventual capture of 
the Okpilak by the Hulahula is probable. Al- 
ready t'lie head of a side stream from the Hu- 
lahula has reached to the edge of the main 
Okpilak Valley and has even visibly captured 
some of its drainage. This is shown in PI. 
XII (p. 51), where small drainage lines run 
diagonally downward toward the left of the 
view, where the Okpilak lies. This area slopes 
to the left, and formerly the drainage all ran 
into the Okpilak. Recently the head of the 
valley in the foreground has cut' across this 
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Okpilak drainage and has captured it for 
the Hulahula. 

Huldhvla River. — From the forks north- 
ward the Hulahula seems to have had an or- 
derly development; south of the forks there 
is some indication of piracy. The northeast 
fork (not within the area mapped) heads on 
the south side of the Romanzof Mountains and 
flows southwest. At the forks it turns 
abruptly west into the northward-flowing main 
river. The valley of the south fork, which 
falls in line with that of the northeast fork, 
appears much too large for the short stream 
which it carries. There is reported to be a 
wide, low pass at the head of the south fork, 
and then an abrupt descent into the Chanda- 
lar drainage. Thus it seems probable that the 
northeast fork flowed southward intb the 
Chandalar but was captured by the Hulahula, 
which had the advantage of a much shorter 
distance to the ocean. 

The hard greenstone which blocks the Hu- 
lahula at the edge of the mountains may delay 
the downcutting so much that a side stream 
from the Sadlerochit will eat back through the 
soft Mesozoic shales which probably underlie 
the gap south of this greenstone area. A still 
more favorable place for capture is at the east 
end of the Sadlerochit Mountains, where Sad- 
lerochit River is fast' reducing the narrow neck 
of soft upland which still separates the two 
rivers. 

SadlerocMt River. — ^Tliere is good evidence 
that the Sadlerochit formerly flowed through 
the large truncated valley now occupied by 
Itkilyariak Creek. This valley, as can be seen 
on the topographic map, is beyond all ques- 
tion much too large to have been carved by 
the creek, which often is dry as early as June. 
The present elevation of Sunset Pass is about 
700 feet above Sadlerochit River. 

Canning River. — Possibly the Canning 
flowed across the western ends of the Shublik 
and Sadlerochit mountains, for there is a gap 
in each range which can be accounted for in 
no other way. The lateral streams on the east 
side of the Canning show adjustment to rock 
structure. Ignek, Cache, and Eagle creeks all 
flow in structural valleys where downfolds 
lowered the soft Mesozoic rocks. 



PBE8EHT ACTIVITIES. 

Some of the activities by which the features 
of the region are being modified are here out- 
lined, especially the work of sea ice. 

WORK OF WATER. 

Althoi\gh the action of running water nearly 
ceases during eight or nine months of the year, 
a given amount of annual precipitation, in 
running off during the brief summer, probably 
has a greater erosive effect than it would have 
if the flow were spread out over the whole 
year. 

The frozen state of the ground probably re- 
duces alluvial bank cutting to a considerable 
degree. Slow cutting may go on as the ice in 
the freshly exposed soil melts, but in times of 
flood, when the greatest amount of erosion of 
banks takes place in temperate regions, the 
frozen ground can not be rapidly cut away. 
Thus Arctic rivers may be expected to change 
their meanders more slowly than those of 
warmer regions. 

RusselP has pointed out that the frozen 
state of the ground delays surface erosion, also 
that cold water has small dissolving power, 
and that vegetation decays slowly and so may 
retard drainage and favor deposition. 

The ocean also is quiescent during most of 
the year, but during the open season it does 
not, by increased work, make up for the lost 
time, as the rivers probably do. On the con- 
trary, the floating cakes of ice cut down the. 
waves, so that their effect upon the Arctic coast 
is very small in comparison with those of other 
regions. The nearness of the ice pack to shore 
is of course the controlling factor in the work 
of the waves. On the average the pack is with- 
in sight of the land the whole summer,, and 
sometimes it is so close that no noticeable waves 
can be formed. Occasionally the pack recedes 
a great distance, so that weaves of considerable 
size may be formed during onshore gales. In 
1911 and 1912, from reports by captains of 
whaling ships, the ice was more than 100 miles 
from land. Certainly a tremendous sea rolled 
in at times from the ocean, overwashing islands 
and spits which had not been disturbed for a 

^ Russell, I. C, Surface geolof^ . of Alaska : Geol. Soc. 
America Bull., vol. 1, pp. 128-129, 1889. 
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very long period. In one such season more 
. work is probably done on the coast than in 50 
ordinary years. 

WORK OF INLAND ICE. 

The snowfall is so small that its work as 
snow is almost negligible. The native sheep 
hunters report that avalanches sometimes oc- 
cur, but they can not be frequent, else the 
writer would have observed them. The living 
glaciers probably do at least as much work as 
those of warmer regions of an equal amount of 
precipitation. The motion may be slower, but 
the ice is thicker. 

The deposits of aufeis (described on p. 158) 
upon the flood plains of the rivers have little 
effect upon the development of the topography, 
except that the channel is likely to be shifted 
more frequently. The water flowing over this 
flood-plain deposit of ice may concentrate and 
cut a channel through the ice which may not 
at all coincide with the river bed beneath. 
This superimposed drainage may intrench 
itself into the frozen ground before the old 
channel is free from ice. 

WOBK OF SEA ICE. 

The ice pack is often driven violently against 
the land, and thus is a factor in the develop- 
ment of the shore line. There is also a shore- 

f 

ward pressure from the expansion of land- 
locked bodies of ice, and this is sometimes true 
on the open shores, when heavy grounded 
ridges prevent expansion seaward. 

During a period of warm, calm weather one 
July the ice on the north side of Flaxman 
Island was shoved up on the beach. Plate 
XXV, B (p. 167), shows an early stage of the 
movement of the ice which locally overrode 
the beach 15 to 20 feet. About 3 miles from 
land the sea ice was so firmly anchored to the 
bottom by heavy ridges that during the heavy 
pressures of the winter the shore ice was not 
disturbed. Although there may have been 
some motion of the ice toward the beach as it 
expanded during the gradual advent of spring, 
no evidence of this was found. The whole vis- 
ible motion occurred in a few hot days after 
the sea ice had reached the approximately 
stable temperature of summer. It seems to the 
Writer that the expansion of this ice can not be 



due to a rise of temperature, for the amount of 
expansion — about one one-thousandth — seems 
far too great. The explanation may lie in the 
regelation of the snow water as it soaked down 
into the cold sea ice. 

There are rather exaggerated accounts of the 
pressure of the moving sea ice against the 
shore. When the shore is formed by a steep 
bank the ice will bring solidly up against the 
bank and will then buckle and fracture at some 
weak place. This buckling and fracturing is 
very apt to occur fiear the beach. The ice 
moves steadily shoreward and thus piles up 
sometimes to a height of 30 to 40 feet. If the 
bank is low, the ice blocks may form an in- 
cline over which an unbroken sheet of ice may 
mount to override the bank, but this is very 
exceptional. 

Where the shore rises gently from the sea 
level, as on sand spits and islands, the tongues 
of ice may mount in an unbroken sheet many 
feet upon the land. Then, as the resistance to 
such movement becomes great, the ice may 
buckle and fracture near the shore line, and a 
new tongue be shbved up over the first one 
until a great pile of ice is built up on the beach. 
The greatest distauce of movement of ice over 
the beach with which the writer is acquainted 
is at the village of Barrow. Here the ice is 
reported to have once reached a building which 
is estimated to be nearly 200 feet from the 
water's edge. The ice pressure against the west 
side of Point Barrow is by far the greatest on 
the Arctic shore of Alaska, and it is probably 
as great as anywhere in the world. 

i!ast of Point Barrow the motion of the ice 
is chiefly along the land, so that notable pres- 
sure is exerted only upon salients in the coast 
line. Evidence of former pressure upon the 
beach was infrequently seen, and in no place 
did such evidence extend more than 100 feet 
from the ocean. 

Collier^ reports that the school-teacher at 
St. Lawrence Island, in Bering Sea, was in fear 
of the destruction of the buildings, which stood 
half a mile from the sea. This fear was 
groundless, however, for there are many native 
huts much closer to the beach than the school- 
house, and if anyone is acquainted with the 
behavior of the ice pack an Eskimo is. 

' CoUlcr, A. J., G«olof?7 and coal resources of the Cape 
Llsburne rei^on, Alaska : U. S. Geol. Survey Bull. 278, p. 34, 
1906. 
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The distances which the ice is stated to have 
reached in shoving up on the shore do not 
represent a uniform advance of the ice over the 
whole beach line. Where the maximum ad- 
vance is 200 feet the average distance may not 
be 20 feet. Even on the west side of Point Bar- 
row the ice does not shove up on the beach 
every year, and east of this point such pressures 
are still less common. 

In moving shoreward the ice carries material 
from the sea bottom up on the beach. When the 
ice melts this material is* left behind, so that 
the effect of the ice pressure is to build up the 
shore at the expense of the sea bottom. As the 
ice advances only short distances, except on 
gently sloping beaches, most of the material 
transported is within easy reach of the waves 
of the next summer. The piles of gravel, or 
turf and gravel, formed in this way, have been 
observed to reach a height of perhaps 15 feet, 
but a brief examination shows that the bulk 
of the material is ice. As the protective mantle 
is of pervious material the ice will melt out 
before many years, leaving an area of hum- 
mocky topography, in which the relief is not 
more than 5 or 6 feet. 

If the ice remains near the coast all summer, 
as frequently happens, the waves may not be 
able to remove the evidence of the previous 
winter's pressure. During such summers many 
piles of gravel may be observed along the 
beach. On the other hand, during open sea- 
sons the waves quickly obliterate most of the 
gravel piles that have accumulated since the 
last open season. 

In a very few places the pressure may have 
carried the material beyond the reach of the 
waves, and there the piles of gravel and turf 
will remain indefinitely unless the shore is cut 
back so that the waves can reach them. There 
was only one place along the north shore of 
Alaska where the writer observed a deposit of 
material that had been carried notably beyond 
the reach of the waves. This locality was on 
the east side of Camden Bay, perhaps 4 miles 
east of Collinson Point, at which place for 
several hundred yards there was an area of dis- 
turbed gravel, turf, and driftwood which 
reached in places more than 100 feet from the 
water's edge. Here and there along the sand 
islands and spits isohited heaps of gravel are 
the only .evidence of former pressures. In 



Plate XXV, 5 (p. 167 ), is shown a pile of gravel 
which is representative of the ordinary pres- 
sures that occur on the north shore of Alaska. 

Any estimate as to the amount of material 
moved landward by the ice can only be vague. 
Probably more work is done by the waves dur- 
ing half an hour of an autumn gale than is 
done by the ice during a whole winter. Dur- 
ing a single open season probably more ma- 
terial is moved by the waves and currents than 
is moved by the ice during 50 years. 

Where heavy cakes of ice ground in deep 
water they force up ridges of material, which,, 
as they are not within reach of the waves, may 
remain a long time. Currents also probably 
deposit more material in the eddies caused by 
the grounded cakes of ice, thus building up the 
bottom. This grounding of heavy ice may 
play an important part in the formation of 
shoals. 

Pressure ridges sometimes dam up the out- 
lets of small creeks, thus producing a local 
flooding. The occurrence of fresh driftwood 
some distance above sea level in small coastal 
gullies and lagoons may be explained in this 
manner. 

In moving over the beach the ice may pro- 
duce striations upon the beach gravels. After 
a careful search in several places the writer 
foiind two or three beach stones with faint 
scratches upon them. They can not be mis- 
taken for glaciated stones, although some of 
the scratches are parallel. The stones evi- 
dently have been rounded first and then 
slightly abraded'. 

During the spring the ice along the beach, 
unless protected by heavy snowdrifts, melts 
some time before the ice off the shore is broken 
up, so that there is ordinarily a narrow lane of 
water between the ice and the shore, even while 
it is possible to travel over the sea ice. Conse- 
quently, when the ice finally breaks away from 
the shore, it does not leave a general ice foot as 
in higher latitudes. Only on the north side of 
high banks, where the snow is late in melting^ 
is anything seen that approaches an ice foot. 

As the ice in contact with the beach melts 
away as a rule before the pack moves there is. 
very little chance that beach material may be 
picked up and transported by the sea ice. 
Where heavy snowdrifts protect the ice, condi- 
tions are somewhat more favorable for trans* 
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portation. In such places the ice usually 
breaks off at the tide crack between the float- 
ing and the land-fast ice. The land-fast ice 
may later break from the beach and possibly 
carry some beach material with it. 

Vegetation, silt, sand, and gravel may be 
blown out upon the ice. Boulders and mud 
may slump down on the ice under high banks. 
(See PI. XXVI, 5, p. 202.) Gravel, sand, turf , 
and driftwood may be carried out on the ice by 
spring floods of rivers or by the small coastal 
lagoons after breaking through their barrier 
beaches. 'AH such material, except boulders, 
is often observed upon the sea ice. Collinson ^ 
reports three stones the size of a man's head 
upon the ice 10 miles from land, near Point 
Tangent (30 miles east of Point Barrow). 

Material included in the bottom of the ice 
when it breaks from the land is probably not 
carried far before it is melted out, but that on 
the surface of the ice has every chance of be- 
ing transported to a distance. As the ice melts 
the material will be scattered over the bottom 
of the ocean. The resulting formation may be 
characterized by a groundmass of fine water- 
laid material with stones scattered through it. 
As the deposition of ice-borne material is peri- 
odic, the pebbles may be more abundant in 
particular horizons of the formation. They 
may even locally form a thin bed. 

The retreat of the pack from the shore dur- 
ing diagonally onshore winds deserves notice. 
There is some force which keeps the ice to- 
gether as a body, even though the effect of the 
wind is to scatter it. The eddy currents set 
up along the edge of a drifting pack probably 
act so as to pull the loose pieces toward the 
main body of ice. The writer when stationed 
upon grounded ice, separated from the moving 
pack by a narrow lane of water, has observed 
loose cakes traveling at least a mile an hour 
in an opposite direction to the main drift, 
against a strong wind. These cakes would 
sweep into bays in the edge of the moving 
pack and become lodged and then follow the 
general drift with the wind. 

A great amount of water must be dragged 
along by the uneven lower side of the ice pack, 
and the disturbed ocean level must be restored 
by a countercurrent. There seems to be a com- 

^ColIInson. Richard, Proceedings of the Enterprise: Roy. 
Geog. Soc. Jour., vol. 25, p. 197, 1855. 



ponent of this current toward the sides of the 
pack, by which the loose cakes within its scope 
are gathered into the main body. The cakes 
beyond the reach of the eddies are drifted 
away by the wind, so that as a rule the edge 
of the main ice pack is quite definite. 

WORK OF WIND. 

Although high winds are frequent, they 
cause no marked amount of erosion. In a few 
places, especially in cols in the mountains, the 
wind has cut the turf partly away. The finer 
material is locally swept from the beach de- 
posits, leaving a concentration of coarse stones 
on the surface. In the winter hard snowdrifts 
are cut to pieces by the wind. 

Nor does there seem to be any notable amount 
of material, excepting snow, transported by 
the wind. The fine snow at low temperatures 
is picked up by winds blowing 15 miles an 
hour and swept along within a few inches of 
the ground. As the wind increases in velocity 
the drifting snow rises higher, until at 25 miles 
an hour the snow is drifting higher than a 
man's head. Heavy gales carry the snow several 
hundred feet into the air. Many times the air 
was so full of drifting snow that at a distance 
of a hundred feet only the topmasts of a 
schooner could be seen. During one or two 
gales, when the wind was estimated to be more 
than 60 miles in velocity, it was at times im- 
possible to see a 6-foot post only 20 feet from 
the window of the house, and dark objects on 
the ground within 6 feet of the window were 
frequently obscured. 

Such forms of vegetation as occur upon the 
tundra are broken off and carried by the wind 
to great distances, but the total amount of such 
material must be very small. 

The mud flats of rivers afford a supply of 
silt, which is picked up by the wind. It does 
not seem to be carried far, for most of the silt 
dunes are confined to the immediate banks of 
rivers. The writer has observed discolored 
snowdrifts about 5 miles in the lee of a silt- 
dune area, but the total amount of silt trans- 
ported more than a few hundred yards is very 
small. There are unburied boulders which 
must have been upon the surface of the tundra 
a very long time. 

No sand drifts more than a foot or so high 
were observed. The tundra in the immediate 
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lee of a wide sand beach may have sand scat- 
tered over it for a hundred feet but not enough 
to cover the grass. Either the sand is too 
coarse to drift readily or the supply is too 
scanty for the formation of large sand dunes. 
As the climate is very damp, there may be 
very little dry sand during any particular high 
wind.^ The writer has observed scattered 
grain6 of sand upon the sea ice as rtiuch as 3 
miles from any possible source. Stones half 
an inch in greatest diameter have been ob- 
served on the sea ice a mile from their prob- 
able source. They were scattered in a wide 
belt in the lee of a sand spit. 

WORK OF . FROST. 

There is a tendency to postulate a greater 
shattering action of frost upon the rocks of 
the Arctic than upon those of warmer regions, 
but the writer was unable to note any differ- 
ence in this respect between the general aspect 
of the Arctic Mountains and the higher moun- 
tains of the United States. Smooth glaciated 
slopes of granite occur on Okpilak Eiver, and 
the amount of talus in general is not striking. 
As the chief work^of frost upon the rocks is 
accomplished through alternate freezing and 
thawing, it would seem that high latitudes are 
not favorable for this. During seven months 
of the year the temperature at sea level is per- 
manently below freezing. At high altitudes 
the period is probably somewhat longer. Dur- 
ing most of this time the sun is low or absent, 
so that the rocks are seldom warmed to the 
thawing point. In summer when the tempera- 
ture on the mountain tops may be near freezing 
there are not the usual great alternations of 
temperature from day to night. 

The ground ice of the north shore of Alaska 
occurs chiefly as a network of vertical wedges 
which inclose polygonal blocks of the tundra 
formation. (See p. 205.) The ice wedges are 
accompanied by two kinds of surface topog- 
raphy — shallow depressions, which surround 
elevated polygonal blocks, or two parallel 
ridges, which surround depressed blocks. 

In addition to the disturbance of the surface 
produced by the formation of wedges of 
ground ice, the material in the ground for 
several yards in depth is deformed by the 
lateral pressure exerted by the growing wedges. 
The most striking development is seen in the 



upturning of muck beds and the squeezing up 
of lower layers of sand along the sides of the 
wedges. Accompanying this displacement of 
material there must be a general slight eleva- 
tion of the surface of the ground to make place 
for the intruding ice. A possibly extreme ex- 
ample of this work is seen in the New Siberian 
Islands, where there are indications that 
ground ice wedges have grown into contact 
at their upper portions. After this contact 
was formed the ice kept increasing by upward 
growth until the surface of the ground had 
been elevated several yards. 

On the coastal plain and elsewhere in the 
Arctic there are isolated mounds which have 
probably been raised by hydraulic pressure of 
ground water upon a layer of frozen ground. 

Hogbom ^ has recently brought out an article 
upon the work of frost in which he gives a 
bibliography of 150 publications. He has de- 
voted much space to the description and ex- 
planation of the surface markings of unconsoli- 
dated deposits, and he illustrateSs some polyg- 
onally divided areas of the tundra of Spitz- 
bergen." Similar areas in the same region are 
described by Holmsen as being underlain by 
ground ice, and. as is shown under the discus- 
sion of ground ice (p. 205) there is every 
reason to regard these polygonal markings as 
due to ice wedges. 

CRITERIA OF ARCTIC CLIMATES. 

Some of the natural forces which are at 
work on the north shore of Alaska produce ef- 
fects which may remain for a long period. 
If the climate should become milder, evidence 
might still be found of the former Arctic cli- 
mate. Below are presented some of the lines 
of evidence that appear to be of importance. 

Glacial drift is bv no means indicative of 
an Arctic climate, nor is the reverse true, that' 
the. absence of drift denotes the absence of 
such a climate. The amount of precipitation 
is so largely the controlling factor that the 
degree of cold can not be estimated unless the 
otiier factor is known. 

Striations upon stones may be produced not 
only by glacial action but by moving river and 

* HOgbom, Bertll, Ueber die geologlsche Bedentnng dcs 
Frofltes : Geol. Inst. Upsala Bull., vol. 12, pp. 267-390, 1914. 

' Idem. fig. 28 ; also Einlge niustratlonen ku den geolo- 
glschen Wirkungen dcs Frostes anf Spitsbergen: Geol. Inst. 
Upsala Bull., vol. 9, fig. 8, p. 56, 1910. 
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sea ice, and it has been suggested that stones 
entangled in the roots of drifting trees may 
produce or receive striations. The polishing 
and striation of stones embodied in the banks 
of Alaskan rivers is thus described by Rus- 
sell:^ "Many of the stones * * * are so 
similar to glacial pebbles that if removed from 
their normal positions to a glaciated region, 
even the most acute observer would. attribute 
their markings to glacial action." The striation 
of beach stones by the motion of sea ice as de- 
scribed above (p. 174) is a very rare feature. 
The striations produced by floating trees must 
be almost negligible in amount. The striations 
of river pebbles may of course be formed in 
temperate climates, but those found upon ocean 
beaches indicate a climate which approaches 
that found in the Arctic to-day. 

Scattered boulders or pebbles in a deposit 
of fine material may have originated in several 
ways. The most obvious method is by drop- 
ping from floating ice. Stones enmeshed in 
the roots of recently fallen trees may also be 
transported and dropped upon the bottom of 
bodies of water. BarreU * points out that peb- 
bles may be transported a great distance by 
the wind. The presence of scattered stones in 
finer formations is mentioned by Davis as an 
evidence of cold climate.' Boulders may be 
dropped from icebergs in such temperate re- 
gions as the North Atlantic, however, and are 
not necessarily evidence of cold climate. 

If the climate of northern Alaska should 
become so mild that the ground no longer re- 
mained frozen, there would be evidences of the 
former cold climate in areas where wedges of 
ground ice had been developed. At first the 
coastal plain would be covered with a network 
of deep gullies, such as are seen to-day where 
the ice has been cut out near high banks. Slump- 
ing of the thawed ground would smooth the 
contours, and vegetation would, perhaps, fill 
up the depressions. The most striking condi- 
tion would probably be the penetration of sur- 
face formations down into the hollow left by 

* Russell, I. C. Surface geoloffy of Alaska : Geol. Soc. 
A^merica Bull., vol. 1, pp. 117-120, 1889. 

^ BarreU, Joseph, Relations between climate and terrestrial 
^«po8lts: Jour. Geology, vol. 16, p. 283, 1908. 

■ Davis, W. M., Antarctic geolojjy and polar climates : Am. 
^^hllos. Soc. Proc, vol. 49, pp. 200-202, 1910. 
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the melting ice. Smith* describes some fea- 
tures of the Nome ground deposits which may 
in part have originated in this manner : 

A series of ramifying streaks of a black peaty ma- 
terial cut in irregular directions across the layers of 
sand and gravel. * * * When first examined it 
was believed that they represented cracks which had 
been subsequently filled by material from the sur- 
face. ♦ * * In the light of more careful study, 
however, such an interpretation seems inadequate, 
for many of the seams taper off toward the top as 
well as toward the bottom, so that a connection with 
the surface Is not Indicated. 

The presence of gravel mounds outside of 
glaciated areas, if the theory proposed for their 
origin is found to be correct, is definite evi- 
dence of a climate sufficiently severe to bring 
about a frozen state of the ground. So far as 
the writer knows, nothing similar to these 
mounds has ever been reported outside of areas 
affected by such a climate. The formation of 
kames at the immediate front of an ice sheet 
is well understood. If the region in front of 
the ice were subjected to an Arctic climate, 
gravel mounds might be found at a distance 
beyond the line of maximum extension of the 
ice and be mistaken for kames. It is thus seen 
that piles of gravel do not necessarily mark 
the exact front of the ice. • 

Modem deposits of aufeis upon the flood 
plains of northern rivers do not seem to leave 
any permanent marks upon the topography. 
Under favorable circumstances, however, such 
as along the front of a continental glacier, a 
wide belt of aufeis and outwash might be built 
up. Upon the melting out of the ice with the 
advent of a warmer climate the surface of the 
resulting outwash plain would probably form 
gentle undulations instead of a dead level. 
Accumulations of coarse material might take 
place at the bottom of canyons melted into 
the aufeis, and these deposits would resemble 
eskers leading out from the former ice front. 

Where the sea ice has shoved material far 
up on the land the resulting hummocl^ topog- 
raphy might remain through a change of cli- 
mate. Even if it were generally buried by 
growth of the surface, exposures would reveal 
a disturbed area of beach formations. 

* Smith, P. S., Recent developments in southern Seward 
Peninsula : U. S. Geol. Survey BnU. 379, p. 272, 1909. 
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MINERAL RESOURCES. 
POSSIBILITIES OP DEVELOPXENT. 

As will be evident from the narrative of the 
expedition, there was no time for detailed 
search for mineral deposits. The writer had, 
however, the advantage of association with the 
prospector Arey, who had lived in the coimtry 
many years and had himself prospected the 
region here described. The general conditions 
of isolation, climate, and transportation are 
such that even if parts of the Canning Eiver 
region are mineral bearing the chances for 
their development are not favorable, and it is 
not likely that they will attract the prospector. 

A few fine flakes of gold constitute the only 
definite evidence of any occurrence of valuable 
minerals within the region here described. A 
seepage of petroleum and some outcrops of 
coal have been found in the western part of the 
Arctib slope region. These discoveries will be 
referred to below. It is possible that the for- 
mations in which these mineral fuels occur un- 
derlie part of the Canning Eiver region, but 
of this there is no direct evidence. 

PLACEB GOLD. 

Hardly a trace of gold was found in the 
gravels of any of the streams except in those 
of Okpilak Eiver. Here the prospector Arey 
reports the discovery of some fine particles of 
gold. Another prospector is also* said to have 
found alluvial gold on this stream. The Okpi- 
lak has its source in a region of metamorphic 
rocks and intrusive granite, a geologic condi- 
tion generally considered favorable for aurif- 
erous mineralization. It is probable, there- 
fore, that the alluvial gold above described was 
derived from these metamorphic rocks. These 
rocks occur in a belt that trends eastward (p. 
103) in the southern part of the Canning Eiver 
region and seem to be the only rocks in the 
region that are likely to contain gold deposits. 
An auriferous quartz vein is reported to have 
been found in the Canning Eiver valley but 
was not sufficiently attractive as a mining ven- 
ture to warrant its being staked. 

Even if gold placers were found in this re- 
gion, the adverse climatic conditions, the re- 
moteness of the field, and the absence of fuel 
except on the coast would hardly justify devel- 
opment unless the deposits were extraordi- 



narily rich. The evidence at hand does not 
indicate any intense mineralization, and there- 
fore it is unlikely that rich placers have been 
formed. 

COAL. 

Although no coal in place was found within 
the region studied, there is every probability 
that it occurs on the rivers west of the Can- 
ning. The red beds in the Ignek formation 
have been described as marking the location of 
former coal beds. The natives report coal on 
Shaviovik and Sagavanirktok rivers, and 
Schrader found it on the Colville. The writer 
has seen brown lignite in an ancient Eskimo 
house at Barter Island. 

PETBOLEmC. 

At Cape Simpson, on the west side of Smith 
Bay, there are two conspicuous mounds. The 
writer has been informed by natives that the 
northern mound contained a petroleum resi- 
due, but, according to information furnished 
by Stef&nsson, this residue is contained in a 
pool a few hundred yards from the mound. 
A sample was secured from a keg of the mate- 
rial collected by natives in the employ of Mr. 
C. D. Brower, of Barrow. It resembles axle 
grease. An analysis by David T. Day is given 
below. The deposit is near the seashore, and 
the natives say that a considerable amount 
could easily be dug out with spades. 

Composition of petroleum residue from Cape Simpson^ 

Alaska. 

Water and soluble matter 22 

Alcoholic extract (resins and some oil) 8 

Naphtha extract: * 

Light oU ^ 12 

Heavy oil 16 

Benzol extract (asphaltic material) 11 

Clay and vegetable fiber 29 

9S 

Natives report another petroleum mound be- 
tween Humphry Point and Aichillik River, 
near the coast. According to current reports, 
an oil seepage has been discovered in northern 
Alaska near Wainwright Inlet, about 100 miles 
southwest of Point Barrow.* If this report is 

^Brooks, A. H., The Alaska mining industry In 1915: 
U. S. Geol. Survey Bull. 642, p. 35, 1916. 
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confirmed, it indicates that there may be an 
oil field between Wainwright Inlet and Smith 
Bay. These oil-bearing rocks may also occur 
in other parts of the Arctic slope region. 
Even if an oil pool were found in this northern 
region, there i.5 serious doubt of its availability 
under present conditions, though it might be 
regarded as a part of the ultimate oil reserves 
that would some time be developed. 

AMBEB. 

Though the writer has never personally 
found any amber, he has seen the natives pick 
up a few pieces a quarter of an inch in diame- 
ter from the protected beaches between Harri- 
son and Smith bays. In the collection of Es- 
kimo gear belonging to Mr. C. D. Brower, of 
Barrow, there were several carved pieces of 
amber perhaps an inch in diameter. The 
writer is not absolutely certain that the sub- 
stance was amber, for no specimens were pro- 
cured, but the transparent yellow substance 
could hardly be mistaken. 

GROUND ICR 
INTBODTTCTION. 

The ground in Arctic and sub-Arctic regions, 
as is well known, is permanently frozen to 
great depths and thaws to a depth of only a 
few feet in summer. Many observers have re- 
ported the presence of more or less clear ice 
within the frozen ground and have advanced 
theories as to its formation. During the nine 
summers spent by the writer on the north 
Alaskan coast, exposures of ground ice were 
examined at every opportunity. In construct- 
ing the map the entire coast was traversed on 
foot, with the exception of the river deltas and 
a few shallow bays. The coast was examined 
both on sled and boat trips outside the mapped 
area, so that few stretches between Martin 
Point and Point Barrow were not visited. 

During the first seven summers, although 
many exposures were examined and described 
in notebooks, no insight was gained into the 
formation of most of the coastal ground ice. 
During the winter of 1912-13 the American 
Uterature was examined, but no theories were 
found which would fit the conditions. During 
the writer's last trip to the Arctic exception- 
ally good exposures gave details which had 



previously escaped notice, and he was able to 
construct a theory of the formation of ground 
ice which not only applies to the north coast of 
Alaska but seems also to apply to other regions. 

The chief difficulty in the study of the 
timdra formation arises from the poor ex- 
posures. As the ground is composed of mate- 
rial consolidated only by frost, a short expo- 
sure to the summer air causes slumping and 
consequent masking of the details. Only 
where wave or river action has undermined 
the face of a bank, so that large blocks break 
off, are good exposures formed. WTien slump- 
ing has taken place erroneous conclusions may 
be drawn as to the distribution of the ice, 
for scattered outcrops may be interpreted as 
exposed parts of a single bed. 

The upper surface of the ground ice is usu- 
ally only a foot or two under the surface of 
the tundra. Consequently, in an area in 
which discontinuous bodies of ice are sepa- 
rated by masses of muck and other material 
there will be the least amount of material for 
slumping exactly where the ice occurs. The ice 
melts back under the overhanging turf, form- 
ing a cave, and at either side the muck slumps 
and masks the whole face of the bank. Thus, 
wherever the actual surface of the bank is ex- 
posed, ice is apt to be seen, and observers are 
lead to believe that a continuous body of ice 
underlies the whole area. 

In addition to the erroneous impression as^ 
to lateral extent, the conclusions as to thick- 
ness are also often faulty. A winter's snow- 
drift against the foot of a bank may be cov- 
ered by slumping and be later exposed, ap- 
parently showing a thickness of ice only lim- 
ited by the height of the bank. The same may 
be true of river or sea ice. An illustration is 
given of an apparently continuous bed of 
heavy ice which the writer examined carefully 
for a quarter of a mile, before learning its 
true nature (figs. 11 and 12, p. 180). 

The waves had undercut this bank the sum- 
mer before, making a long low cave, perhaps 
10 feet deep. During the following winter 
this cave had been flooded at high tide and 
partly filled with ice. Early in the summer 
the face of the bank had been masked by 
slumping, leaving only a few glimpses of true 
ground ice under the turf. Shortly before the 
time of observation the lower part of the bank 
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had been washed clear of dfljris, exposing the 
continuous layer of new sea ice. This layer ap- 
peared to be ground ice, when considered in 
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FiGUBB 11. — Exposure of a bank showing an apparently con- 
tinuous thick bed of Ice. 
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FiouBB 12. — structure of the bank shown In figure 11. 

connection with the scattered exposures of un- 
doubted ground ice above it. Luckily the cave 
was exposed to view at one point, so that the 
mistake in interpretation could be corrected. 

DEFINITION OP GBOXTNI) ICE. 

The term "ground ice" is used to denote 
bodies of more or less clear ice in permanently 
frozen ground. Deposits which are evidently 
only temporary features are excluded imder 
this definition, and the term is not applied to 
deposits which seem to be on top of the 
ground. Stagnant earth-covered glaciers ap- 
pear to fall about in the dividing line of this 
definition. If their glacial origin is evident, 
they would be excluded. The lower end 
of the Malaspina Glacier might be called 
ground ice if nothing were known of its con- 
nection with the living glacier. Any glacial 
ice embodied in the flat Arctic tundra, as there 
may be at Flaxman Island, must be included 
in any definition. Ice in caves and under 
talus in regions of unfrozen ground is ex- 
cluded. 

Synonymous with ground ice are the terms 
subsoil ice, underground ice, subterranean ice, 
fossil ice, stone ice, bodeneis, ureis, and jord- 
bundsis. The word glacier is used by miners 
to denote both ground ice and frozen ground, 
and at least one scientist has adopted this loose 
terminology. 



The terms ice beds, ice sheets, and ice cliffs, 
as a rule, refer to ground ice. Anchor ice on 
the beds of northern rivers is often called 
ground ice, but in the more exact descriptions 
the term anchor ice is used. 

Frozen ground is called eisboden and taele. 
The term gi-ound frost relates to this phe- 
nomenon. In speaking of the depth of frost 
the depth of permanently frozen ground is 
meant. 

DISTKIBirriON OP PERMANENTLY PKOZEN 

OKODND. 

As the existence of ground ice is theoretically 
possible wherever the ground is permanently 
frozen the horizontal and vertical distribution 
of frozen ground will be discussed in the fol- 
lowing pages. 

HORIZONTAL DISTRIBUTION OF FROZEN GROUND. 

If nothing prevented the free access of air 
to the surface of the ground their mean an- 
nual temperatures should be equal. The an- 
nual variations of temperature are ordinarily 
perceptible to a depth of about 50 feet. In 
order that the ground may be permanently 
frozen the mean regional temperature must be 
sufficiently below freezing to offset the gradient 
of increasing ground temperatures to a point 
below the limit of annual change of tempera- 
ture. This gradient is subject to such complica- 
tions from the alterhately frozen and unfrozen 
state of the ground that it can only be assumed 
to be within the ordinary limits of less than a 
hundred feet per degree Celsius, so that the 
mean annual temperature of the air need be 
less than 1° C. below freezing in order to bring 
about permanently frozen ground. The line 
limiting the distribution will thus follow 
closely the isothermic line for 0° C. 

Several influences, however, disturb this the- 
oretical distribution, all tending to raise the 
temperature of the ground above that of the 
air. In summer the absorption of the sun's 
rays by the ground is in excess of the radiation, 
for the isotherm of 0° C. runs through high 
latitudes, where the days are much longer than 
the nights. Where the ground is shaded, of 
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course, both absorption and radiation are hin- 
dered. 

The presence of water has a great influence 
upon the distribution of ground frost. Ob- 
viously the ground can not freeze downward 
under a body of water of a depth greater than 
the annual thickness of ice. The ground may 
freeze under small bodies of water by lateral 
conduction from the cold ground which sur- 
rounds the water, but this can not take place 
in large lakes. Near the southern limit of 
frozen ground a very small lake may keep the 
ground underneath it unfrozen, and it is 
doubtful whether a lake half a mile in diam- 
eter would have frozen ground under its cen- 
ter, even where the frost limit is in general at 
a depth of 1,000 feet. 

Flowing water, either on the surface or in 
the ground, also plays an important part in 
the distribution of ground temperatures, as it 
tends to raise the temperature of the ground 
in cold regions. In porous soils the water 
warmed at the surface may carry down the 
higher surface temperatures much faster than 
thfey can penetrate by simple conduction. The 
effect of the penetration of surface waters into 
the ground is shown by Callendar and Mc- 
Leod.^ After a heavy rain, the temperature 
at 10 inches in the ground was raised 4° F. in 
two days. 

It is well known that, in placer mining in 
regions w^here the ground as a rule is deeply 
frozen, there are unfrozen areas among the 
gravels. MofBt ^ mentions this fact in describ- 
ing the Nome region. 

In general the gravel * ♦ * Is frozen from top 
to bottom, but in places there is no frost. These un- 
frozen areas are distributed Irregularly, and their 
presence has never been satisfactorily explained. 
♦ ♦ ♦ Thawed ground is in some places overlain 
by frozen ground, and in one or two places is known 
to be underlain by it also. The presence of thawed 
gravel appears to be due in part, at least, to the cir- 
culation of water through the ground. ♦ ♦ ♦ 

In winter snow forms an insulating layer 
which retards the penetration of the cold wave. 

^CaUendar, H. L., and McLeod, C. H., Soil temperatarea : 
Boy. Soc. Canada Proc. and Trans., 2d ser., vol. 2, sec. .3, 
p. Ill, 1896. 

*Mofflt, F. H., Geology of the Nome and Grand Central 
Qoadrangles, Alaslia : U. S. Geol. Survey Bull. 683, pp. 
11&-117, 1918. 



The importance of this insulation is -empha- 
sized by Callendar and McLeod ' as follows: 

Witli respect to the buried thermometers the most 
remarkable feature of the curves is the extreme 
steadiness of the temperature throughout the winter. 
This is due to the protective effect of the snow cover- 
ing, and is followe<l by an extremely rapid rise as 
soon as the snow disappears and the ground is thawed. 
* ♦ ♦ That the annual mean temperature of the 
soil Is nearly 5** F. above the mean temperature of the 
air is probably due to the protective effect of the snow 
during the winter months. 

These disturbing influences are sufficient to 
prevent the formation of permanently frozen 
ground under standing bodies of water, and to 
a less extent where the ground circulation is 
strong. Such localities are exceptions in the 
general distribution, which is chiefly influenced 
by the combined effect of the summer's absorp- 
tion of radiant heat and the winter's insulation 
by snow. There is a lack of information as to 
mean annual temperatures at the southern 
limit of ground frost. Holmsen,^ after search- 
ing the literature for data upon the subject, 
concludes that where the mean annual tem- 
perature is below —4® to —6® C, the ground is 
as a rule frozen and may contain ground ice. 
This estimate seems to the writer to be as ac- 
curate for ordinary soils as can be made at 
present. 

\TaiTICAL DISTRIBUTION OP FROZEN GROUND. 
AKHTTALLY THAWED LAYEE. 

Above the permanently frozen ground there 
is everywhere a layer which is alternately 
frozen and thawed each year. The thickness 
of this layer, though primarily dependent upon 
the warmth of the summer, is yet so greatly 
influenced by the nature of the soil that it is 
quite variable. Porous gravels and sand will 
thaw many times as deep as muck or clay. 
Moss-carpeted forest-covered areas may thaw 
only a few inches while neighboring bare 
gravel bars are thawing many feet. In most 
of the areas in which ground ice is recorded 
the limit of seasonal thawing is less than 6 or 
7 feet, less than 3 feet being the rule. 

* Callendar, H. L., and McLeod, C. H., op. clt., pp. 109-110. 
*• Holmson, Gunnar, Spitzbergens jordbundsis : Norslie Geog. 
Selskaps Aarbok, vol. 24, pp. 112-1S2, 1912-18. 
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OOHDITIOHS AF7ECTINO THE DEPTH OF FROST. 

In the theoretic discussion of the penetration 
of frost into the ground only the effects of tem- 
perature, time, thermal diffusivity, and the 
water content of the soil are taken into account. 
The depth increases in a complicated ratio, 
directly with time and diffusivity and inversely 
with the temperature and water content. By 
means of these constants it is possible to cal- 
culate the depth to which the ground will 
freeze if not disturbed by other influences. 
The constants are difficult to ascertain, the sur- 
face temperature being the only one which can 
be easily determined with any accuracy. It is 
necessary to assume different values of the 
other constants and calculate the depths ac- 
cordingly. This is discussed under the head- 
ing, "Age of frozen ground" (p. 187). 

It has been shown that the ground is not 
uniformly frozen, even where low temperatures 
prevail. The differences in the diffusivity of 
the ground will have some effect in bringing 
about this variation of depth, but the chief 
factor is probably the circulation of ground 
water, which may greatly interfere with and 
even prevent the freezing of the ground. The 
presence of salts in the ground water will raise 
the limit to which the freezing takes place. 
This is not an important feature but may be 
expected near the seashore. It is to be noted 
that unfrozen brine seeped into the bottom of 
the shaft at Barrow,^ where the temperature 
was —12^ F. 

The most favorable condition for the pene- 
tration of frost to the limits set by the tempera- 
ture, time, diffusivity, and water content of 
the soil is found in impervious soil well away 
from any bodies of water. A flat region where 
the ground circulation is stagnant is favorable 
even when the soil is not impervious. 

As illustrating the irregularity of ground 
temperatures and consequently the depth of 
frost, the observations recorded by Midden- 
dorff* in the neighborhood of the Schergin 
shaft are of importance. The table below 
shows the ground temperatures at different 
localities and those of the Schergin shaft at 
the nearest date. 

•^Ray, P. H., International polar expedition to Point Bar- 
row, Alaska, pp. 338-339, U. S. War Dept.. 1885. 

* Mlddendorff, A. T. Ton, SlblrlBche Belse, B&nd 1, Thell 1, 
pp. 112-116, 1848. 



Comparison of ground temperaturei (° RSaumur) in the 

vicinity of the Schergin shaft. 



Locality. 



Borloch shaft. 
Schergin shaft 

Schilov 

Schergin sh^t 

Mangan 

Scher^n shaft 

Leontjov 

Schergin shaft 



Date. 



Apr. 5 
...do... . 
June 18 
June 21 
May 23 

. ..rfo 

June 19 
June 18 



Depth of 
7 feet. 



-15.7 
-15.1 
-2.6 
-6.8 

- 6.1 

- 9.0 
-3.7 
-6.8 



Depth of Depth of 



15 feet. 



'R. 



4.0 
•8.8 
5.9 
9.6 
4.9 
•8.8 



50 feet. 



'R, 



-3.1 
-6.6 
-3.3 
-6.6 



The Borloch shaft was a few paces from tlie 
Schergin shaft and the other localities were 
probably within 5 miles, so that the air tem- 
peratures could not have been greatly differ- 
ent. The higher ground temperatures at these 
places may be best explained as being the re- 
sult of the warming of the ground by surface 
waters. No other reason seems at all ade- 
quate, although heavier banks of snow and 
also increased sunshine against slopes may 
have had their effect. 

. ^'' 

BEOO&DED DEPTHS. 

The greatest measured depth of frozen 
ground with which the writer is acquainted is 
384 feet in the Schergin shaft at Yakutsk, 
Siberia. The temperature at the bottom was 
—3° C, which, from the gradient of tempera- 
ture, indicates a total depth of frost of about 
650 feet, as is described below. 

In Alaska a shaft has been sunk 320 feet on 
Smallwood Creek in the Fairbanks mining dis- 
trict,' which did not penetrate below the 
frozen ground.^ In the same district there are 
several shafts reaching about 200 feet, some of 
which are stated to be entirely in frozen 
ground.* 

In the Nome district Moffit* reports a ^tuadt 
230 feet in gravels. No statement is given as 
to the depth of frost, but in Mr. Collier's field 
notebook of 1903 we find that unfrozen ground 
was reached at 90 feet in this shaft. 

* Brooks, A. U.f The mining industry in 1907 : U. 8. GeoL 
Survey BulL 345, p. 42, 1908. 

* Brooks, A. U., oral communication. 

*Prindle, L. M., A geologic reconnaissance of the Fair- 
banks quadrangle, Alaska: U. 8. Geol. Surrey Bull. 525, 
pp. 102, 121-122, 1913. 

* Mo£Bt, F. H., Geology of the Nome and Grand Central 
quadrangles, Alaska: U. S. GeoL Survey BuU. 533, p, 89, 
1913. 
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In the Koyukuk region a shaft has been snnk 
335 feet into the ground, and a pipe was driven 
30 feet deeper, making a total depth of 365 
feet.^ The writer has been informed by Mr. 
Maddren that the limit of frost was not 
reached. Several other shafts from 135 to 180 
feet deep were sunk in the same region, all in 
frozen ground. 

Tyrrell ^ reports that . the groimd in the 
Klondike region is frozen to a depth of about 
200 feet. 

In Spitzbergen a tunnel of a coal mine on Ad- 
vent Bay is reported to run 500 to 1,000 meters 
into the mountain side. The end of it may 
lie 100 to 200 meters below the surface of the 
ground.* The temperature at the inner end of 
^the shaft was —4.5° C. It is unfortunate that 
more accurate data are not available, for this 
seems to be one of the deepest records of the 
penetration of groimd frost. 

In Arctic Alaska, outside of the mining dis- 
trict, the writer finds only one record of exca- 
vation — ^that made by Ray at Point Barrow in 
1881-82. This was only a shallow hole 37 feet 
deep. The frozen layer may have been pene- 
trated, for brine flowed into the bottomi of the 
shaft ; but as the water did not rise many feet 
it is more likely that a pocket of brine had 
been tapped. The temperature at the bottom 
of the shaft (12° F.) shows that the frost 
must penetrate many feet deeper. 

DEPTHS DEDirOED FROX GBOXTin) TEMPEBATintES. 

The depth of frost is of both scientific 
and practical importance. In placer mining 
regions frozen ground is so much cheaper to 
work, chiefly on account of the absence of 
water in the shafts, that this consolidation of 
the gravels is almost a necessity. Thawed 
areas are avoided as much as possible, and if 
such ground is met with in excavation it is 
sometimes necessary to form bulkheads against 
it by artificial refrigeration. In placer regions 
the porous gravels are so influenced by ground 
circulation that the depth of frost is very irre- 
gular. Practical tests in the field are more 
ciecisive than scientific deductions from the 
[phenomenon in general. 



^ Maddren, A. G., The Eoyuknk-Cliandalar region, Alaska : 

. 8. Geol. Surrey Bull. &32, p. 02, 1913. 

* Tyrrell, J. B.» A peculiar artesian well in the Ellondike : 

:. and If In. Jour., rol. 75, p. 188, 1903. 
'Holmsen, Qonnar, op. clt, pp. 82-33. 



The large operators bore prospect holes, 
which of course settle the question as to the 
state of the ground. Where this can not be 
done, observations of ground temperatures as 
the shaft is sunk will throw some light upon 
the probable distance to which the ground is 
frozen. The ordinary method of excavation, 
however, is by thawing the ground, which 
would invalidate any observations of tempera- 
ture unless the work were stopped long enough 
to sink thermometers deeply into the bottom of 
the shaft each time the thawed material is 
removed. 

As regards scientific utility, temperature ob- 
servations in frozen ground are of importance 
for deducing the time during which the region 
has been subjected to a cold climate. For this 
calculation it is necessary to know the depth 
of frost, the mean annual temperature of the 
ground at any depth, the diffusivity of the 
soil, and its water content. In the localities 
mentioned above the depth of frost has not 
been definitely determined, with the possible 
exception of the Klondike. By extrapolation 
of the curves of ground temperature a proba- 
ble depth can be obtained for any given shaft, 
and by using the gradients found in this way, 
the depth in other regions may be roughly esti- 
mated. 

As the annual disturbances are noticeable to 
a depth of about 50 feet, any observations 
above that depth must be carried on over a 
whole year, so that the mean temperature may 
be determined. Below this depth single care- 
ful observations at 50- foot intervals are suffi- 
cient to establish the gradient. 

There are no records of such observations of 
ground temperature from the deep shafts in 
the mining regions of Alaska, and none could 
be expected under the method of excavation. 
At Barrow, where the shaft reached only 37 
feet, the observations were confined to single 
readings as the work progressed, and conse- 
quently they are valueless. The observations 
at the bottom, which were constant for several 
months, give a value which, with an assumed 
gradient, will give the depth of frost. The 
observations taken at other stations of the in- 
ternational polar expeditions are confined to 
the upper 4 or 5 feet of the ground, and conse- 
quently they throw little light upon the 
gradient 
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Middendorff ^ gives observations from many 
stations in ' Siberia, but they were mostly 
taken during short periods and within the zone 
of annual change. In the deep Schergin shaft, 
however, they were carried on over a whole 
year at various levels clear to the bottom. 
These are the only observ^ations in deeply 
frozen ground which are known to the writer 
to be of sufficient accuracy for deducing the 
constants needed in calculating both the thick- 
ness of the frozen layer and also the duration 
of the cold climate. 

SOHEROIH SHAFT.* 
GBOUND TEMPEBATURES. 

In 1828 Schergin sank a shaft about 100 
feet into the frozen ground at Yakutsk, lati- 
tude 62°, in Siberia, in the hope of finding a 
water supply for the village. Having given 
up the work at that depth he was persuaded 
by Baron Wrangell to renew the excavation 
with the object of determining the depth of 
frost. At a depth of over 380 feet the attempt 
was abandoned. Recommendations were made 
that the Academy of Sciences of St. Peters- 
burg should finance the completion of the 
shaft. They decided that careful ground tem- 
perature observations should first be under- 
taken in order to establish the gradient and 
consequently the depth at which the shaft 
would probably reach unfrozen ground. 

During the years 1844 to 1846 Middendorff 
carried out a series of observations in this 
shaft, which, as far as the writer is aware, are 
unique in affording data as to the tempera- 
ture of ground frozen to a great depth. Holes 
were bored 7 feet horizontally into the walls 
of the shaft at depths of 7, 15, 20, 50, 100, 150, 
200, 250, 800, 350, and 382 feet. In each of 
these holes two thennometers were placed, 1 
and 7 feet, respectively, from the surface of 
the wall. AH these thermometers were read 
one to five times each month, from November,. 
1844, to November, 1845, and for three or four 
months in 1846. 

Tlic readings, in degrees Rf»aumur, are given 
in Middendorff's report.^ The outer thermom- 

> MldiliTiclorff, A, T. von, op. clt., pp. 8&-175. 
'Idem, pp. 02-175. 
•Idem, p. 110. 



eters, at a distance of 1 foot from the shaft 
wall, are of course greatly influenced by the 
temperature of the air in the shaft. Those at 7 
feet must feel this influence also. The maxi- 
mum difference of temperature shown by the 
outer and inner thermometers is about 5.5° C, 
near the top of the shaft; at the bottom it is 
only a small fraction of a degree. The mean 
differences for the year run from —1.8° C. at 
50 feet to -f0.04° C. at the bottom. The sign 
of the upper 200 feet is minus, and from that 
depth to the bottom is plus.* That is, the ther- 
mometers nearest the shaft are colder in the 
upper half of the shaft and warmer in the 
lower half. 

The cause of the colder temperatures shown 
by the outer thermometers near the top of the 
shaft is ascribed by Middendorff * to the trans- 
mission of outside temperatures through the 
column of air in the shaft. If the covering of 
the shaft formed a perfect insulation convection 
currents would tend to equalize the tempera- 
ture of the air from top to bottom, so that the 
upper portion would be warmer than the walls 
and the bottom colder. If the outer air tem- 
peratures could penetrate the shaft cither by 
conduction through the covering or by air cur- 
rents the effect would be much greater in win- 
ter, when the colder outside air would sink into 
the shaft. The warm air of summer would 
remain at the top of the shaft. The observa- 
tions show that this cooling effect is felt as far 
as 200 feet. That the temperature of the walls 
in the lower half of the shaft is warmer than 
that of the ground surrounding the shaft, as 
shown by the observations, is contrary to what 
would be expected if convection had free scope. 
One would be inclined to think that the general 
air circulation was shut off at about 200 feet, so 
that the lower portion of the shaft had a cir- 
culation of its own; but as the observer was 
lowered in a bucket the shaft must have been 
open throughout. 

The effect of this difference in temperature 
is to cool the ground around the upper half of 
the shaft. Middendorff finds a difference of 
0.5° R. between his own observations at 50 feet 
and those taken 15 years earlier at the same 
depth. 



♦Idem, pp. 149-154. 



» Idem, p. 155. 
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With observations at only two distances from 
the walls of the shaft, it is impossible to draw 
a curve which will represent the variation of 
temperature with the distance from which, by 
extrapolation, the true ground temperature 
could be calculated at each depth. The curve 
will be asymptotic, so that the temperatures 7 
feet from the walls will not differ greatly from 
the true ground temperatures, even in the up- 
per portion. The main effect will be to in- 
crease slightly the gradient when the mean 
temperatures are considered and to disturb 
the amplitudes and phases of the yearly varia- 
tions. For the purposes of discussion the tem- 
peratures at 7 feet from the walls will be taken 
as the true ground temperatures, as more ac- 
curate determinations are lacking. 

Section exposed in the Schergin shaft. ^ 



Thick- 
ness. 



Black mold, becoming more and more 

sandy 

Fine sand 



(lay 

Sand 

Sandy clay with vegetable remains 

Limestone '. '. 

Pine sand 

Limestone 

Gray sandstone, with pyrite and lignite 
rftraunkohle) 

A layer of ash. 

Clay and sand, some thin layers of lime- 
stone and sandstone 



FfeL 

14 

18 

3 

34 

3 

1 

T 
/ 

1 

23 



280 



Depth. 



FeeL 



14 
32 
35 
69 
72 
73 
80 
81 

104 



384 



a Middendorff, A. T. von, op. cit., p. 96. 

Monthly temperatures (^RSaumur) in the upper portion of 

the Schergin shafts 



Month. 



^nuary. .. 
f ebruary. . 
March . . . . 

May 

^J^une 

July 

-A^ugust 

Septeml>er 
October. . . 
J^o-vember. 
tcember. 



Depth of 


Depth of 


Depth of 


7 feet. 


15 feet. 


20 feet. 


o 


o 


o 


-12.9 


- 7.0 


- 6.8 


-16.1 


- 9.1 


- 7.7 


-16.8 


-10.5 


- 9.1 


-14.5 


-IL 1 


- 9.8 


-11.0? 


-10.3? 


- 10. 0? 


-7.5 


- 9.5 


-9.8 


- 5.7 


-8.6 


- 8.8 


- 4.6 


- 7.6 


- 8.1 


- 4.1 


-6.8 


- 7.6 


- 3.2 


- 6.0 


- 6.9 


- 3.4 


-5.6 


- 6.4 


-7.3 


- 5.4 


- 6.2 



-6.6 

-6.6 

-6.7 

-6.6 

-6. 6? 

-6.6 

-6.7 

-6.7 

-6.6 

-6.6 

-6.5 

-6.4 



a Middendorff, A. T. von, op. cit., pp. J 11, 134. 



Mean temperatwres of the Schergin shaft. ^ 



Depth. 


Temperature. 








Celsius 


Feet. 


Meters. 


R^umur. 


(centi- 
grade). 


7 


2.1 




-8.94 


o 

-1L2 


15 


4.6 


-8.13 


-10.2 


20 


6.1 


-8.12 


-10.2 


50 


15.2 


-6.61 


- 8.3 


100 


30.5 


-5.22 


- 6.5 


150 


45.7 


-4.64 


- 5.8 


200 


61.0 


-3.88 


- 4.8 


250 


76.2 


-3.34 


- 4.2 


300 


9L4 


-3.11 


- 3.9 


350 


106.7 


-2.73 


- 3.4 


382 


110. 4 


-2.40 


- 3.0 


(680 

■ 


207.3 


0.0 


0.0) 



a Middendorff, A. T.von, op. cit, p. 174. 

The mean temperatures at the different 
depths have been plotted and a curve drawn 
through them (fig. 14, p. 189). The curve 
shows that the temperatures change rapidly at 
first and then much more slowly. The first 50 
feet and the last 200 have nearly constant gra- 
dients of 4.4 and 30.8 meters, respectively, per 
degree- Celsius. Between these two straight 
portions of the curve the gradient changes 
from depth to depth in an orderly manner. 
As the ground is frozen, the circulation of 
ground water can not be the cause of the dif- 
ference in gradient in the two portions. The 
diffusivity of the ground can hardly vary 
greatly enough to cause the observed effect. Any 
variations of the diffusivity due to the presence 
of different kinds of rocks ought to produce an- 
gular variations in the curve. The possible 
cooling of the upper portion of the shaft by 
penetration of the outer air can hardly amount 
to more than the half degree observed by Mid- 
dendorff, but the curve indicates a lowering of 
about 5° C. for the temperature of the sur- 
face ground. The most favorable hypothesis 
seems to be that the mean temperature of the 
air has been lowered about 5*^ C. in compara- 
tively recent times. 

DEPTH OF FROST. 

If the curve from 7 to 50 feet is prolonged, 
it will reach 0° C. at about 170 feet; the curve 
from 200 to 382 will reach it at about 680 feet. 
If the excavation had stopped at 50 feet, there 
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would have been every reason for expecting to 
reach I he frost limit at less than 200 feet. The 
gradient is so constant for the lower 180 feet 
of the shaft that we should be justified m 
placing the limit of frost at about 680 feet. 
Middendorff's calculations^ place it at 612 feet, 
with 670 feet as a maximum. Dr. Peter ^ as- 
sumes that the gradient becomes progressively 
lower and calculates that 1,000 feet is the depth 
of frost. 

The effect of the w^eight of the overlying 
ground will be to depress the freezing point of 
water. Consequently the depths given above 
must be corrected for this effect. If the spe- 
cific gravity of the frozen ground is taken as 

Kg. 



c 



1^3 



2, the pressure at 650 feet is equal to 39.6 
According to Tammann'* it requires about 

138^ to depress the freezing point 1® C. From 

this we find that water freezes at —0.29® C. 
at a depth of 650 feet, which, with a gradient 
of 100 feet per degree, will make a difference 
of about 30 feet in the depth calculated for 
0,0^ C, A final result of about 650 feet of 
frozen ground is thus indicated by the obser- 
vations in the Schergin shaft. The average 
gfKi\m\i for this depth is about 18 meters per 
degree Celsius. 

I{ecently it ha.s lieen found that Schergin 
obtfervi^l the tetnporaturo of the bottom of the 
h\mti HH iUi^ digging {)r()gn'issed. His observa- 
iUnm ilittvr ho grtMitly from Middondorff's that 
oiM} in diHpoNtMl to <|m'stion thoir accuracy, yet 
(tiity iiro NUpportcd by a single observation 
fimdo by Adolph Knuan, who visit4Ml Yakutsk 
whilo tho Niiaft WHH boing o.xoavatod. Midden- 
(lorff aiNo NUpportH thoin in a n^nark relative 
Uf a riNiliiig i^ffort notiiHui in the 15 years tliat 
hail «litpN4Ml hotweon tlio digging of the shaft 
Mri^l tho Htno of IiIh obHervaiituis. IMow are 
(h«« itmutul loiiipt^ratunv* okservtMl by Sober- 
Iflii, iMMMinling tti \'on Huer^ and Krman.* 

• Idniti, ii irn. 

•IIhm, It. IMh Olt>lM*liiM\ |i. U4, llriiui)»chw«»l|i« \m>i. 
^ Vim IfiiKri M. M-. Ou IHi* Nrt»uml Uh« or ttrvt^vk aoU of 

* MffMNft, Atlt<l|it«, (Ml \\w UmiHM'Hlui^ \\t th«» iH^rth tn 
|lllff«HN> f^MfiliMii liiMt .lour. ni«w •w., vol 9n, p|^ tti^US. 
IHMii '¥n^¥\» IM MiiinrlM. vti). tf. |i|». tHMi Mini* in4m. 



Temperatures in the Schergin shaft, according to Schergin, 



Depth. 


Temperatures. 




• 




Celsius 


Feet. 


Meters. 


R^umiir. 


(centi- 
grade). 


(?) 


(?) 


o 

-6.0 


o 

-7.5 


77 


25 


-5.5 


-6.9 


119 


36 


-4.0 


-5.0 


217 


66 


-2.0 


-2.5 


ao5 


93 


-1.5 


-1.9 


350 


106 


-0.5 


-0.6 


382 


116 


-0.5 


-0.6 



Erman personally observed that when the 
shaft was 50 feet deep the temperature of the 
bottom was —6° R. (—7.5° C). As soon as a 
lump of frozen earth was brought to the sur- 
face the thermometer was plunged into it. The 
temperature of the different lumps was found 
to vary but slightly from that given above. 
Erman states also that the mean air tem- 
perature at Yakutsk in 1827 was —5.9° R 
(-7.4° C). 

According to Schergin * the temperature ^ at 
some feet below the surface '' was —7.5 C, and 
at 77 feet it was —6.9° C. This is in agree- 
ment with Erman's observation of —7.5° C. 
at 50 feet In 1845 Middendorff found —8.2° 
C. at 50 feet, and he states that 15 years earlier 
the temperature was 0.6° C. higher, which gives 
—7.6° at the time when the earlier observations 
were made. 

Thus for a depth of 50 feet the three observ- 
ers are in accord. Below this point, as shown 
in figure 14 (p. 189), Schergin's temperatures 
are much higher than those of Middendorff. 
As might be expected from the manner in 
which they were observed, Schergin's tempera- 
tures do not fall into an even curve, but the 
greatest departure is not more than half a de- 
gree, lielow the depth to which the annual 
variations of the temperature of the air are 
felt, about 50 feet, the true temperatures of the 
ground ought to be revealed by single observa- 
tions in the bottom of the shaft as the excava- 
tions proceeded, as was the method used by 
Schergin. 

*Von Baer, K. E.» op. dt 
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If Schergin's observations of ground tem- 
perature are approximately correct, Midden- 
dorff's observations represent the temperature 
after the ground around the shaft had been 
exposed for 15 years to the much colder air 
temperatures. The depth of frost would thus 
be about 400 feet, instead of nearly 700 feet, as 
deduced from Middendorff's observations. 
The gradient would be 53 feet or 17 meters 
per degree Celsius. 

On the other hand, Middendorff must have 
been acquainted with Schergin's observations, 
and if he had considered them reliable he 
would undoubtedly have drawn attention to 
the cooling of the lower part of the shaft. 

Erman states that the mean annual tempera- 
ture of the air at Yakutsk was —7.4° C. in 
1827, and Middendorff gives —12.2° C. for 
1845. A lowering of the temperature of about 
this amount was deduced from the shape of 
Middendorff's curve, but as the cooling of 
the shaft may have disturbed the original dis- 
tribution of ground temperature, all the deduc- 
tions from it are thrown into doubt. 

FOIHT BABBOW SHAFT. 

The observations taken by Kay ^ at Barrow, 
Alaska, were made in a crude manner, yet 
they. show that a constant temperature was 
reached at about 37 feet. No readings were 
made at different depths over an extended pe- 
riod, so that no curves can be drawn to show 
the penetration of the cold. Work was com- 
menced on the shaft in December, 1881, and 
continued until February, 1884. The temper- 
atures were ascertained by burying a ther- 
mometer at the bottom of the shaft every night 
and reading it in the morning. In the upper 
part of the shaft the air temperatures ob- 
viously had great effect upon those indicated 
by the thermometer. This is shown by the 
great rise in temperature at nearly the same 
depth between April and November, 1882, 
when the change was from 8.5° to 17.5° F. 
After the shaft was completed, the tempera- 
ture of the air at the bottom was read once 
each day and found to be constant at 12° F. 

At a depth of 50 feet in the Schergin shaft 
the temperature of the thermometer which 

^Ray, P. H., International polar expedition to Point Bar- 
row, Alaska, pp. 338-389, U. 8. War Dept., 1885. 



was sunk 1 foot into the wall averaged about 
2° R. lower than the one sunk 7 feet, whoso 
readings were taken to represent the true 
ground temperatures. On the other hand, at 
the bottom of the 380- foot shaft the two ther- 
mometers indicated about the same degree. 
Inasmuch as the bottom temperature on the 
Barrow shaft was constant over a long period, 
it is improbable that varj^ing temperature of 
the outside air had any effect at that depth, so 
that the recorded temperature of 12° F. 
(—11.1° C.) may be taken to represent * the 
mean ground temperature at 37 feet. 

Nothing is known of the temperature gra- 
dient at the Barrow shaft. Two assumptions 
have been made: (1) That the gradient is con- 
stant and equal to that in the lower part of 
the Schergin shaft, which gives a depth of 
frozen ground of 1,140 feet, omitting the cor- 
rections for the freezing point of water, and 
(2) that the gradient decreases downward 
with an average of 18 meters per degree Cel- 
sius, which gives 600 feet. 

AQE OF PBOZEH OBOUHB. 

Three hypotheses have been suggested as to 
the origin of the deep freezing of the ground 
in the Arctic regions. Russell* came to the 
conclusion that deposition and freezing went 
on at the same time, so that the present thick- 
ness of the frozen layer is the result of succes- 
sive additions of frozen material. Brooks ' has 
suggested that the frozen ground of the Yukon 
Valley is the result of a colder Pleistocene cli- 
mate, and that at present the ground is thaw- 
ing. The third and usual hypothesis is that 
the ground has been frozen to the present 
depth under temperatures which now prevail. 

At the request of Russell,* Prof. R. S. Wood- 
ward calculated the depth to which the cold 
surface temperatures would reach after differ- 
ent lengths of time. In doing this he was 
forcxid to assume various constants for the 
equation which represents the change of tem- 
perature. His conclusion is that the freezing 
of even the deepest stratum of ice reported in 
the Arctic regions might have resulted directly 

'Rnssell, I. C, Surface geology of Alaska: Geol. Soc. 
America Bull., vol. 1, pp. 129-130, 1889. 

* Brooks, A. H., communication. See also Antimony de- 
posits of Alaska : U. S. Geol. Surrey Bull. 649, p. 27, 1916. 

^Bussell, I. Cn op. clt., pp. 180-132. 
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from a mean annual temperature no lower than 
that which now prevails in northern Alaska. 

In Woodward's discussion two of the as- 
sumptions have such a controlling effect upon 
the deduced length of the cold period that the 
writer has thought it advisable to repeat the 
calculations with data which may be nearer 
the truth. 

Woodward assumes the value of the dif- 
fusivity of the earth's crust which was used 
by Kelvin in calculating the age of the earth. 
This diffusivity was derived from observations 
en trap rock, sand, and sandstone. In the re- 



the calculations with assumed initial gradients. 
By this method it is found that the initial 
gradient is the controlling factor, so that the 
duration of the Arctic climate is indeterminate. 
It is necessary also to assume that the sur- 
face of the ground has been at a constant tem- 
perature since the beginning of the cold cli- 
mate. The change to modem conditions prob- 
ably took place gradually, rather' than sud- 
denly. This fact will not affect the total 
depth to which the cold is felt, but it will de- 
crease the depth to which the ground is frozen 
in a given time. 



0.00 



X 

i 

S 0.50 

J 



1.00 



1^0 



















*7 








^ 




"^ 


^ 




>iS^ 


lOfiOOVtARS 




" 




— 





. 

















50 



100 



150 



Z50 



300 



350 



ZOO 
METERS 

FiQURB 13. — Curves showing the relation of 1— ff and depth for different times. 



400 



gion under discussion the diffusivity of frozen 
ground would probably be different from that 
found by Kelvin for sand and rocks. In ex- 
amining the records of ground temperatures 
in the Schergin shaft it was found that they 
were presented in such a manner that the dif- 
fusivity of the frozen ground might be calcu- 
lated. These calculations are given below 
(pp. 191-194). 

Woodward's second assumption is that at 
the time when the cold climate was initiated 
the ground had a uniform temperature for 
a depth of a couple of thousand feet. This 
assumption is certainly not correct at present, 
nor has it been since the history of the earth 
began. In one of the latest calculations of the 
age of the earth an initial gradient of down- 
wardly increasing temperatures is assumed.^ 
As the ground temperatures could not have 
been uniform, it seemed advisable to make 

^ Becker, G. F., Age of a oooling plobc In which the initial 
temperature increases directly as the distance from the sur- 
face: Science, new ser., vol. 27, pp. 227-233, 1908. 



According to Woodward's notation, the fall 
of temperatures at points within the ground is 
expressed as follows : 



^ 



--<'-:^jp*) 



Where — 

1^0= the excess of the original temperature of 
the surface of the ground over the new con- 
stant temperature. 

'W=the temperature of the earth at a depth or 
at any time t after the initial epoch. 

a2=the diffusivity of the ground=59.6 in 
meter-year units (derived below from the 
Schergin shaft). 

It is convenient to write u^—u^^E^ so that^* 
is the excess of temperature of any point in 
the ground over the constant temperature of 
the surface. Then if the integral be repre- 
sented by H . 
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The values of the integral have been tabu- 
lated under the form 



e^dt 




so that it is a simple matter to make the re- 
quired calculations with the aid of a slide rule.^ 
The following table gives the values of 1 — H. 
These values are shown graphically in figure 
13. 



The depth to which any change of surface 
temperature will penetrate depends only upon 
the diffusivity and the time. To get the actual 
distribution of temperature the value of 1— /7 
must be multiplied by u^^ which is the initial 
excess. Any change of the temperature of the 
surface of the earth, with the assumed diffu- 
sivity, will be felt at 50 meters in four years 
and at 250 meters in 100 years. The distance 
varies as the square root of the time. The ef- 
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Figure 14. — Curves showing variation of temperature with depth in the Schergin shaft. 
Solid line is drawn through observed temperatures. Broken line is prolongation of 
lower part of curve. 0= Recorded temperatures in the shaft, according to Midden- 
dorff ; + = recorded temperatures in the shaft, according to Schergin ; X = 4-ypar 
curve with original gradient of 31.2 meters per degree Celsius ; =■ 1,000-year curve 
with original gradient of 58.8 meters per degree Celsius. 



Values of 1— II for different times and depths. 



Depth 
(meters). 


• 


Time from initial epoch. 




4 years. 


100 
years. 


500 
years. 


1,000 
years. 


10,000 
years. 




10 

20 

30 

40 

50 

75 

100 

125 

150 

175 

200 

250 

300 

400 

500 


1.00 
.65 
.37 
.18 
.08 
.02 


1.00 


1.00 


1.00 


1.00 


























.65 
.49 
.36 
.25 
.17 
.11 
.07 


.81 


.88 




.64 


.77 


.93 


.48 


.66 




.35 
.24 
.16 
.06 
.02 


.56 
.47 
.38 
.25 
.12 


.85 

""'.'78'* 
.71 
.65 

















* Burgess, James, Roy. Soc Edinburgh Trans., vol. 39, 
pp. 257-321, 189e-1899. 



feet of a variation of the diffusivity is the 
same as of a variation of the time, so that if a 
new diffusivitv of one-half the above value is 
used, the distribution of temperature will be 
the same as found above for half the time. 

For the depth that is on record in frozen 
ground (115 meters) the distribution for 500 
vears and less is in a curved line and for 1,000 
years and more in practically a straight line. 

The plotted temperatures of the Schergin 
shaft (fig. 14) follow a curve for about 60 
meters and then proceed in a straight line. In 
comparing the Schergin curve with the curves 
of 1—//, we may draw the inference that the 
straight portion of the Schergin curve was 
produced during a long period, when the tem- 
perature of the surface of the ground stood 
about —6.7° C, and that the curved portion 
was produced by a recent lowering of the sur- 
face temperature to —11.6° C, a fall of 4.9° C. 
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To consider first the distribution of tem- 
perature in the upper 60 meters of the Scher- 
gin shaft. Here there is a definite original 
gradient of 1°=31.2 meters — that of the lower 
part of the shaft. Wo=4.9^. 

Becker^ has shown that in addition to the 
integral which is represented above by H 
there is another term C'A", where C is a con- 
stant temperature gradient. In Woodward's 
calculations C=0, and the temperature of the 
ground was uniform. The complete equation 
of the distribution of temperature is then 

When the gradient of the lower portion of 
the Schergin curve is taken and t^o=^«9°5 the 
4-year curve closely approximates the distri- 
bution of temperature in the upper part of 
the Schergin shaft. The values, given in the 
table below have been plotted by the sign X 
in figure 14. If a curve were drawn for 3^ 
years, the values would more nearly coincide. 

Distribution of temperature after four years. 
[Initial gradient of 1®— 31.2 meters.] 



Depths 
(meters). 


tXo(l-i?). 


Original 
graoient. 


Resulting 
tempera- 
ture. 




^'C. 


°C. 


°C. 





4.9 


-6.7 


-11.6 


10 


8.1 


-6.4 


- 9.5 


20 


1.8 


-6.1 


- 7.9 


30 


0.9 


-5.7 


- 6.6 


40 


0.4 


-5.4 


- 5.8 


50 


0,1 


-5.1 


- 5.2 



The changes which furnished the data for 
this calculation for the effect of four years of 
lower temperature upon the upper portion of 
the Schergin shaft took place entirely in frozen 
ground, which was assumed to have a constant 
diffusivity. In attempting to ascertain from 
the lower part of the curve the time required 
to freeze the ground to its probable depth of 
210 meters, an entirely new factor must be 
considered — the heat liberated by the freezing 
of the moisture in the groimd. The effect of 
the moisture will be taken up separately and 
the temperature distribution will first be con- 
sidered under the supposition that the ground 
is free from moisture. 

The prolongation of the straight portion of 
the Schergin curve reaches the surface at 
—6.7**. To find the time since the ground be- 

*Op.dt. 



gan to freeze, the original surface temperature 
is taken as 0°, so that i/o=6.7°. If the curves 
of Uq (l—H) are plotted along with the 
Schergin curve, those of 500 years and older 
fall below the straight portion of the Schergin 
curve. Consequently all the curv* of 500 
years and older may be reduced to that of the 
Schergin curve by assuming an appropriate 
initial temperature gradient. The tempera- 
tures for 500 years follow a slightly curved line, 
so that they can not be brought into coinci- 
dence, but those of 1,000 years and older follow 
a straight line and may be made to coincide 
with the straight portion of the Schergin 
curve. The 1,000-year curve coincides as far as 
150 meters but begins to depart at 200 meters. 
The greater the period the deeper will the 
coincidence follow. As nothing is known of 
the ground temperatures below 115 meters, it 
follows that the present distribution of ground 
temperatures in the Schergin shaft may have 
come about during a thousand years or more 
of a climate which kept the surface of the 
ground at —6.7° C, and which in the last four 
years had reduced the surface temperatures to 
—11.6° C. Of course, this calculation neglects 
the freezing of the moisture in the ground. 

The table below represents the 1,000-year 
curve, with an assumed initial gradient of 
1°=58.8 meters. The resulting temperatures 
are plotted in figure 14. A table is also given 
for a period of 10,000 years, with an initial 
gradient of 1°=36.6 meters. These tempera- 
tures are not plotted, but it can be seen that 
they are approximately on the same straight 
line. It is obvious that there i^ no upper limit 
to the age of the frozen ground found in this 
manner. If the original gradient is assumed 
to be parallel to that of the lower part of the 
Schergin curve, the age will be infinitely great. 

Distribution of temperature after 1,000 years, 
[Initial gradient of 1" a=58.8 meters.] 



Depths 
(meters). 


u^(l-H). 


Initial 
gradient. 


Resulting 
tempera- 
ture. 



50 
100 
150 
200 
250 
300 


-6.7 
-5.9 
-5.2 
-4.4 
-3.8 
-3.1 
-2.5 


0.0 

+ .8 
+1.7 
+2.5 
+3.4 
+4.2 
+5,0 


-6.7 
-5.1 
-3.6 
-1.9 
- .4 

+1.1 
+2.6 
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DiatrUnUion of temperature after 10,000 years. 
[InlUal gradient of 1" r.-=3C.6 meters.! 



Depth 
(meters). 


Uo(l-7/). 


Initial 
gradient. 


Resulting 
tempera- 
ture. 



100 
200 
300 


-6.7 
-6.2 
-5.7 
-5.2 


0.0 
+2.6 
+5.3 
+7.9 


-6.7 
-3.6 
-0.4 

+2.7 



If the ground contains moisture, the freezing 
of the water will liberate its latent heat. This 
will add notably to the amount of heat that 
must flow toward the surface as the tempera- 
ture of the ground is lowered. In the freezing 
of clear water about 160 times as much heat 
is released as there is in lowering an equiva- 
lent thickness of ice 1° in temperature. It 
is diflScult to ascertain the proportion of latent 
heat to that liberated in lowering the tempera- 
ture of the frozen ground 1°. The diffusivity 
is known but not the heat capacity. If the 
capacity is about the same as that of ice 
there will be 16 times as much heat liberated 
in the freezing of ground which has 10 per 
cent of moisture. 

It is beyond the writer's mathematical abil- 
ity to introduce this factor into the equation 
which represents the flow of heat. The effect 
of this additional heat from the freezing of 
the moisture will be greatly to delay the down- 
ward freezing. The time required for freez- 
ing to a given depth may be several times that 
for dry soil. The curve which represents the 
resulting distribution of temperature will be 
compound, with an approach toward horizon- 
tality where the temperature is 0°, for at this 
point the liberation of latent heat delays the 
downward progression of the cold wave. 
From this consideration the depth of frost 
in the Schergin shaft is expected to be some- 
what greater than that indicated by prolong- 
ing the curve in a straight line. 

In order to determine more accurately the 
age of the frozen ground the ground tempera- 
ture must be ascertained to greater depths than 
the cold wave has penetrated. The data will 
indicate the original gradient, and the period 



of cold may be found in the manner in which 
it has been found for the upper 60 meters of 
the Schergin curve. The effect of the moisture 
in the ground may be treated mathematically 
or be found experimentally after the method of 
Callendar and McLeod.^ Their curves of soil 
temperatures are almost stationary during the 
winter months and the resulting diffusivities 
are very small, probably because of the pro- 
tective action of the snow and the dryness of 
the soil, but perhaps in part because of the 
retardation of the cold wave by the freezing of 
the moisture. 

New values of the diffusivitv of various 
kinds of frozen ground are also desirable. 
These mav be secured after the method of Cal- 
lendar and McLeod much more easily than by 
Middendorff's method in the Schergin shaft. 

The ground temperatures of the Schergin 
shaft may have resulted from a surface tem- 
perature of —6.7° C. that was maintained at 
least a thousand years. The freezing of the 
moisture in the ground would at least double 
this period. No maximum length of the cold 
period can be fixed with the data at hand. 

It has been mentioned that the observations 
made by Schergin during the excavation of the 
shaft differed greatly from those found by 
Middendorff 15 years later. The ground had 
probably been cooled by the penetration of the 
colder outside temperatures to the bottom of 
the shaft, and any deductions from the dis- 
tribution of temperature in the shaft are con- 
sequently thrown into doubt. There was a 
recent lowering of the mean annual* tempera- 
ture, however, as has been deduced from the 
shape of the curve. 

DIPFTTSIVITT OP FROZEK OBOTTin). 

Thomson^ states the law of diffusivity as 
follows : 

If the temperature of any point of an infinite plane, 
in a solid extending indefinitely in all directions, be 
subjected to a simple harmonic vibration the tempera- 
ture throughout the solid on each side of this plane 
will follow everywhere according to the simple har- 

* Callendar, H. L., and McLeod, C. H,, Soil temperatures : 
Roy. Soc. Canada Proc. and Trans., vol. 1, sec. 3, pp. 63-83, 
1895; vol. 2, sec. 3, pp. 109-117, 1896. 

' Thomson, William, On the reduction of undergrronnd tem- 
peratures: Roy. Soc. Edinburgh Trans., vol. 22, p. 410,1860. 
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moDic law, with epochs retarded equally anil with am- 
plitudes dlmlnlsbed in a constant proporttoa for equal 
anginentutlons of distance, Tlie retardalloD of epoch 
expressed In circular measure (arc divided by radius) 
Is equal to the diminution of the Naperiaa lojmrithm 
of the amplitude, and the amount of each per 

unit distance is equal to -J-^, it c denotes the capacity 

for heat of a unit bulk of the substance and k Is Its 
conductivity . 

As the observed temperatures at any depth 
do not vary exactly according to the simple 
harmonic law, they are analyzed and expressed 
by a series of simple harmonic functions ac- 
cording to the principle laid dowti by Fourier. 
The form to which the temperature at each 
depth is reduced is thus given by Everett : ' 

w-.4o+P, sin(2r|,-l-E,)+P, sin (^t^-\-E^\ 

+ +P„sin(27iy+£;) 

where v — the temperature at any time; 

tn— the f ractioa of the fundamental 



period; 
P— the amplitude; 
B= the phase; 
n— number of the term, 
is shown by Everett * that 



(^■K 11^ A- 



rhere a; •- difference in depth between any 
two thermometers. 
A- fn—retardation in phase between 
any two thermometers ex- 
pressed in radians. 
A ■ log,P„ — diminution of Kaperian logarithm 
of the amplitude shown by any 
two thermometers. 

ifc . . . 

— — diffusivity of the soil — that ia, 



t— conductivity and c 
mal capacity. 



■ ther- 



' Everett, J. D., Oa & metbixl ot reducing abservatloDB a 
inderKTound t'mperaturM : Hoy. Sac. Edlabargh TninB., rol 
22, p. 4»0. 1S«0. 

' Idvm, pp. 43S-4SS, 



The equation for expressing ihe tempera- 
ture at any depth converges so rapidly that 
only the three first terms are necessary * — those 
with the constants P^, E^, and P^, E^. 

The ground-temperature observations in the 
Schergin shaft were analyzed by Dr, Peters 
and expressed according to the form given 
above.* Consequently the amplitude and 
phases can be taken directly from these equa- 
tions, with the saving of a great deal of calcu- 
lation. The first tliree terms only are given 
for the deptlis of 7, 15, and 20 feet. 
For 7 feet, v=—8°.9Z5—6°M5 sin {n m°+ 
.359° 15')— l^-SOl sin (n W-f-SOS" 48') 
15 feet, f=— 8M31— 2<'.643 sin (» 30°+ 
314= 01')— 0.591 sin (n 60° -1-250'' 36') 
20 feet, «=— 8M18— 1°.861 sin (» Z0°+ 
293° 50')— 0°.289sin (n60°-|-214° 58') 
The month is the unit of time used in cal- 
culating the temperatures, and n is the num- 
ber of tlie month, beginning with January. 

Here»30'' — 2rTp' where !r=a whole year and . 

t^n months, or j^ years. The temperatures 

are expressed in Reaumur and Celsius (centi- 
grade) degrees and the depths in English feet. 
From the above equations the following con- 
stants are derived : 

CimtUmU of lemperatarei and depth. 



Depth 

(feet). 


R^umur. 


Celdiia 
(centigmde). 


Arc. 


Radians. 


P, 


P, 


P, 


^5 


359 
314 
294 


-E, 

am 

2S0 
2U 


^1 


£. 


7 
15 
20 


-6.64 
-2.64 

-1.86 


-1.S0 
- .69 
-.2.. 


-8.30 


-2': 25 

- .74 

- .36 


6.26 
5.4a 
5,13 


6.32 
4.M 
3.76 



In order to ascertain the retardation in 
phase and diminution in amplitude, the con- 
stants of different depths are compared. 



'Idem, p. 431. 

• MlddPnUortt. A. T. ' 
, p. 169, 1S48. 



RelK, Band 1, ThfU 
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Comparison of constants of different depths, 
Annnal term. 



Depth (feet). 


Thick- 
ness 

(feet). 


Ratio of 
amplitudes. 


^ log* P, 


■y/^l 


A^i 


1 vC 

y fk 


7 and 15 


8 

5 

13 


-^^^-2 51 
-3. 30"^- ^^ 

-3.30 

-2. 32"-^- ^- 

-2. 32~^- ^^ 


0.916 

.351 

1.275 


0.114 
.070 
.098 


0.77 

.35 

1.12 


0.096 
.070 

.086 


15 and 20 


7and 20 



Semiannual term. 



Depth (feet). 



7 and 15. 
15 and 20 
7 and 20. 



Thick- 
ness 
(feet). 



8 

5 

13 



Ratio of 
amplitudes. 



-2.25 



-0.74 



=3.04 



'• ^1=2. 06 



0.36 
2.25 



-0.36 



=6.75 



A loge ^2 


V^ Tk 


Uc 
'S Tk 


A^a 


V^Tt 


Vn 


1.112 


0.138 


0.091 


0.78 


0.098 


0.070 


.724 


.145 


.104 


.79 


.158 


.113 


1.910 


.147 


.105 


1.57 


.121 


.086 



Comparison of the imlues of -^l^' 



Depth (feet). 


Annual term. 


Semiannual 
term. 


Mean. 


Ampli- 
tuae. 


Phase. 


Ampli- 
tuae. 


Phase. 


7 aTici 15. . , 


0.114 
.070 
.098 


0.096 
.070 
.086 


0.091 
.104 
.105 


0.070 
.113 
.086 


0.093 
.089 
.094 


15 and 20 


7 and 20 


Mean 


.094 


.084 


.100 


.090 


.092 





If all the conditions were satisfied which 
were postulated in the beginning of the discus- 



sion, all the values of -J^ should be equal. 

In the example just worked out the values of — 

may vary at different depths according to the 
nature of the soil. Also, the temperatures, 
which were taken over a single year, contain 
irregularities that would be eliminated during 
a long series of observations. For the annual 

wave alone, the value of -^/^ is greater for the 

upper 8 feet than it is for the lower 5 feet, but 
the semiannual wave shows the reverse. The 

16344*— 18 ^13 



means give nearly the same value at both 
depths. 

Everett,^ in discussing a series of observa- 
tions taken over a long period of years, states 
that the values found from the annual terms 
are the more reliable. The values of the semi- 
annual term vary considerably from year to 
year. In the section out by the Schergin shaft 
(see p. 185) for the first 14 feet the soil is of 
'' beach mold, becoming more and more sandy," 
and this is underlain by fine sand. The con- 
ductivity, ky of the upper portion should be 
less than that of the sandy portion below. 
Thus the material from 7 to 15 feet is chiefly 

1 Everett, J. D., op. dL, p. 437. 
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of this npper stratum, but from 15 to 20 feet 
it is all of fine sand. As the annual values of 

^^ are greater for the upper portion, they 

bear out the fact that the conductivity is less. 
As the semiannual term gives values of small 
weight in comparison with those of the annual 
term, and as they point to conductivities the 
reverse of what is believed to be correct, it 
seems best to confine our attention to the annual 
term alone. 

Valu48 deduc4:dfrom the annual wave. 



• 

Depths. 


\ Tk 


k 

c 
year 
and 
foot. 


ft 

k 
c 

C. g. 8. 


Material. 


7 and 15 

15 and 20 

7 and 20 


0.105 
.070 
.092 


285.0 
641.0 
371.0 


0.0084 
.0189 
.0109 


Muck, frozen. 
Fine sand, frozen. 
Muck and eand, 
frozen. 



Values of - for various materials are given 
c 

in the table below for comparison with those 
of frozen ground in the preceding table. 



Values of— for various materials. 



Material. 



Dry sand 

Wet sand 

Sandy soil (average 
moisture). 

Water 

Ice 

Crai^leith sandstone. 

Sandy clay (moist- 
ure ?). 

Argillaceous sand 
(moisture ?). 



c 



0.0036 
.0144 
.0043 

.0013 
.0104 
.0231 
.0057 

.0045 



Authority. 



B. A. C. Conunittee. 
B. A. C. Committee. 
Callendar and Mc- 

Leod. 
R. Weber. 
Straneo. 
Kelvin. 
Angstrdm. 

Angstrdm. 



As the value of - for wet sand is four times 

c 

that for dry sand and the value for ice is 
eight times that for water, the value for frozen 
wet sand shoidd be greater than that of un- 
frozen wet sand. There does not seem to be any 
value for muck or vegetable mold, but it would 
probably be very low when dry, though when 
wet and frozen it might approach the value 



found between the depths of 7 and 15 feet in 
the Schergin shaft. 

The lower portion of the Schergin shaft is 
composed mostly of sand and clay, with a 
little sandstone and a trace of limestone. The 
greater part of the ground must have been 
saturated with water when the freezing took 
placed The diffusivity of clay is not available, 
nor the proportions of sand and clay in the 
section. The best that can be done with the 
data at hand is to assume that the value 

-=0.019 represents the diflPusivity of the 

whole section. This amount in meter-year 
units will be 59.6. 

SOTTBC^S OF ICE. 
SNOW ICE. 

Snow ice or n6v6 has been generally con- 
sidered to be the source of ground ice ever 
since the question began to be discussed, and 
great changes of climate have been postulated 
in order to account for the large masses of 
this ice found in the field. Under present con- 
ditions the annual snowfall melts each year 
upon level places, and even were it all pre-* 
served by a protective mantle the resulting 
amount of ice would be only a few inches. 
Under different climatic conditions it might 
accumulate into a bed of great thickness, but 
the balance between snowfall and melting 
would have to be very exact in order not to 
bring about such a heavy deposit that glaciers 
would be formed. 

The most favorable location for snow de- 
posits is, of course, in areas of irregular topog- 
raphy where drifts may form. Even after the 
shrinkage, as the snow changes into nivd, 
a considerable deposit of ice may result. If 
these drifts are preserved, they will show 
finely granular ice with a large content of air 
in irregularly scattered bubbles. If the ice is 
the result of more than one season^s accumu- 
lation, it will be bedded in planes which do 
not approach vertical ity, although they may 
lie at fairly steep angles. The deposits them- 
selves will be in sheets or lenticular. They 
may contain scattered inclusions of material 
which fell upon the snow while it was being 
deposited or layers of foreign material along 
the bedding planes. 
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When gullies or fissures are filled with snow, 
the resulting ice will naturally take a corre- 
sponding shape. 

Ground ice derived from snow is not be- 
lieved to occur in large masses under present 
climatic conditions. 

GLACIER ICE. 

Glacier ice is in general excluded from 
ground ice, as it does not often seem to form 
part of the ground. The term might well be 
applied, however, to the ice found under very 
old moraines or outwash deposits. In areas 
where the ground is permanently frozen most 
moraines probably contain ice. If they do not, 
it may be an indication of a warmer climate at 
the time when the moraines were deposited. 

As shown in the discussion of the Flaxman 
formation on pages 142-149, some of the 
ground ice on the north shore of Alaska may 
be of glacial origin. This ice should certainly 
be called ground ice. If the lower end of the 
Malaspina Glacier were cut off from the ac- 
tive part, the ice under the forest could prop- 
erly be called ground ice. 

The only criteria known to the writer by 
which it is possible to separate glacier ice from 
snow ice is that the glacier ice shows undu- 
latory extinction imder crossed nicols and also 
has much larger granules. The character of 
its bedding would probably also separate it, 
for the beds of glaciers are commonly distorted 
until they are entirely unlike those of simple 
snow deposits. The inclusion of foreign ma- 
terial, such as boulders, would be decisive. 

FRESH-WATER ICE, 

Ice formed in staaiding water. — The many 
ponds and lakes in the tundra afford a wide- 
spread source of ice, but there is difficulty in 
postulating a method of preservation. No 
process now in operation seems to be capable 
of protecting such ice from annual melting. 
Ground ice of this origin should occur in 
lenses or horizontal beds, whose upper surface, 
unless disturbed by melting, should be hori- 
zontal. The lower contact may undulate with 
the bottom of the pond and may contain sticks 
and leaves. The material imderlying the ice 
should be the same as that found at the bottom 



of ponds. In the area studied by the writer 
this material is usually a slimy g;ray mud con- 
taining vegetable remains. The ice itself 
should be free from inclusions or bedding and 
should show a vertical prismatic structure with 
large air bubbles flattened horizontally or elon- 
gated vertically. The thickness of this ice is 
limited only by the depth of ground frost in 
the region. 

Ice may also form in bodies of water in 
cracks and crevasses, where its structure may 
be complicated by freezing from the sides as 
well as from the surface. 

Frozen ponds are the supposed source of 
much of the ground ice described in the litera- 
ture. Russell and Maddren are the American 
geologists who lay most stress upon this method 
of formation. 

Ice formed in flowing water, — ^The ice 
formed each winter upon the surface of streams 
is almost certain to be melted or cut out every 
siunmer, so that it is to be considered as only a 
possible and not the principal source of ground 
ice. The heavy deposits of aufeis, or flood 
ice, however, afford an excellent source, and 
the chance of preservation is great. These 
deposits are described in detail elsewhere (p. 
158). Ice of this origin is confined to river 
flood plains and consists of horizontal beds of 
considerable extent and possibly of great thick- 
ness. Actual deposits 15 feet in thickness have 
been observed by the writer. Middendorff re- 
ports them 18 feet thick in Siberia. The up- 
per surface of an extensive deposit dips down- 
stream with a slope approaching that of the 
river bed. The lower surface is nearly paral- 
lel with the upper surface, although irregulari- 
ties may be expected according to the topogra- 
phy of the ancient flood plain. 

The material immediately overlying the ice 
is, as a rule, material that a rapidly flowing 
stream migjit carry in spring, such as gravel 
or sand. This gravel or sand may be capped 
by turf, muck, or peat. The material under 
the ice may vary from river gravels to any for- 
mation which existed upon the ancient flood 
plain. Driftwood, shrubs, or even standing 
trees may be found. 

The ice itself is horizontally bedded with 
bands of white and blue ice. There may be 
scattered inclusions of air or water-borne ma- 
terial, or even beds of sand and gravel. As a 
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whole the ice is vertically prismatic, although 
the whiter portions, which probably represent 
water-soaked snow, may be finely granular. 
Some irregularities of the bedding may occur 
where the hydraulic pressure of the water has 
bulged and fractured the growing deposit. 

This source of ground ice was first postu- 
lated by Middendorff, and has been accepted 
by Toll for some of the Siberian deposits and 
by Moffit for ice in the Nome region. Maddren 
also recognizes it as a possible source of some 
of the Alaskan ice. 

In addition to the horizontal sheets of ice 
just described, mounds of ice are formed 
around springs which flow in winter. Tyrrell 
mentions them in the Klondike region, and 
the writer has observed several in the Arc- 
tic coastal region. Water may also seep down 
over the frozen face of a cliff and form a solid 
sheet of ice or mass of icicles. Stockton 
describes a narrow portico formed by icicles 
extending from the overhanging sod to the 
river ice below. Beechey has ascribed the 
ice in Eschscholtz Bay to this origin. It is 
probable that this ice is only a temporary de- 
posit and is rarely incorporated into the 
ground under present conditions. 

Ice formed in ground water. — Ascending 
water has been postulated by Tyrrell as the 
source of both vertical and horizontal sheets 
or veins of ice in the Klondike region. The 
writer does not consider this origin probable 
for the horizontal sheets, but ascribes them to 
aufeis. Water under considerable hydraulic 
pressure, however, might bulge up the muck 
over the water-bearing strata much as it does 
the ice in the river. In this way a dome- 
shaped mass of ice might form imder the sur- 
face of the ground. What structure this ice 
would take is not clear, for the freezing would 
be complicated by the low temperature of the 
walls of the cavity. If the bulging took place 
suddenly, a vertical prismatic structure might 
result in the inclosed body of water, since the 
freezing would proceed most rapidly down- 
ward from the colder upper beds of earth. 
The two low mounds underlain by prismatic 
ice, described on page 214, may possibly have 
so originated. 

Descending water is believed by the writer 
to be the source of the ice that occurs in wedge- 
shaped masses. The water may have frozen 



either as standing water in fissures or have 
been formed into ice by freezing against the 
walls of the fissures. Each individual vein of 
added ice probably has a complicated struc- 
ture, and the repeated fracturing of the wedges 
increases the complications. Ice of this origin 
lies in a network of vertical wedges that cut 
the tundra into polygonal blocks. Cross sec- 
tions show wedges of ice separated by masses 
of earth. The ice itself is typically whitish 
and contains numerous air bubbles oriented in 
vertical rows. The structure is complicated 
and may be either finely granular or short 
prismatic. Thin vertical sheets of earth may 
be included, and perhaps horizontal sheets may 
penetrate the sides of the wedges. 

A theory has been advanced by Lieut. 
Belcher and elaborated by Holmsen that water 
which has descended through a spongy mass 
of peat, or even of clay, has there frozen into a 
mass of clear ground ice. This view has been 
considered at some length in the discussion of 
Holmsen's paper (p. 228). The writer regards 
it as a possible but very improbable source of 
ground ice. 

The freezing of the stagnant moisture in 
the ground is a source of ground ice which 
from its nature must play a minor part. In 
ordinary wet ground the ice probably forms 
microscopic crystals scattered through the 
frozen mass. In such exceptionally wet places 
as peat bogs or the muddy bottoms of ponds 
the size of the crystals may be larger, so that 
they may be visible to the unaided eye. The 
mixed peat and ice described by Hesselmann^ 
(see pp. 226-227) and the granulated ice and 
clay described by Holmsen and also by the 
writer are thought to come under this heading. 

SALT-WATER ICE. 

Undisturbed sea ice. — Only where shoals, 
islands, or bays afford protection from the 
ever-moving floes of the Arctic Ocean can 
thick horizontal sheets of sea ice be formed. 
In undisturbed areas the ice may reach a thick- 
ness of 6 to 8 feet in a single winter. Most of 
it melts out before the summer is over, and 
the rest is soon swept away by currents. Con- 
sequently, such ice must be covered with a pro- 
tective mantle to preserve it as ground ice. 

^ Holmsen, Gunnar, SpltzberKens Jordbandsts : Norake Geog. 
Selskaps Aarbok, toL 24, pp. 1-132, 1912-13. 
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When the first year's ice is buried the freezing 
may proceed downward year after year, and 
if free circulation of the ocean water under 
the ice is hindered by shoals or in other ways 
the ice may attain a thickness only limited by 
the depth of ground frost in the region. 

Exposures of ground ice derived from salt 
water may contain no salty ice near the sur- 
face, but salt can probably be detected well 
within the body of the ice. The structure is 
neither prismatic nor granular, but the ice 
consists of bundles of plates whose planes are 
nearly vertical. A general vertical aspect of 
the air bubbles should also be found. 

Schrader has postulated this source for the 
ground ice of the Arctic coast, but the writer 
has seen no ice which seemed to have origi- 
nated in this manner. There are no descrip- 
tions in the literature which lead him to sus- 
pect such an origin for ground ice. Under 
present climatic conditions such ice is pre- 
served only in small amounts under slumping 
banks, and it can not be an important source 
of ground ice. 

Brecciated sea ice. — ^The piling up of ice 
blocks against the land is described elsewhere 
(p. 173). This ice m&y carry the material em- 
bedded with it by which it .will be preserved. 
It is evident that this method of formation can 
go on only at the shore line, so that only in 
those places where the shore line is stationary 
or being built out can deposits of ground ice 
from this source be expected. Stef ansson's de- 
scription of the ice cellars at Barrow and 
Wainwright accords very well with what 
might be expected, for these cellars show beach 
formations incorporated with angular masses 
of ice. That the settlement at Barrow is built 
upon a recent beach deposit is shown by the 
finding of Eskimo snow goggles 27 feet below 
the surface of the ground.^ The situation at 
Wainwright is not known to the writer. Lo- 
patin was the first to suggest this origin for 
ground ice, but no one else except St-efansson 
seems to have mentioned it. 

Most of the shore of Arctic Alaska is being 
cut back by the ocean, so that ice of this origin 
can not be abundant. Stef ansson has ascribed 
to this source some of the ice exposed in tundra 
banks, so that according to this view the ice 

* Ray, Lieut. P. TT., International polar expedition to Point 
Barrow, Alaska, p. 330, U. S. War Dept., 1885. 



must have been formed when the present 
coastal plain was being elevated and the shore 
line advancing seaward. 

MINOR FORMS OF ICE. 

Frazil ice. — When a body of water is agi- 
tated by winds or currents the ordinary proc- 
ess of ice formation is impossible. Instead of 
a surface temperature at freezing and higher 
temperatures below the surface, the water may 
be cooled to the freezing point as far down as 
the disturbance reaches. In standing water 
this depth is usually only a few feet; in flow- 
ing water it may reach to the bottom. Owing 
to the agitation, sheet ice can not form. Cen- 
ters of crystallization are caught by the mov- 
ing water and embodied in it, and, if the water 
is at the freezing temperature, they may exist 
there for an indefinite period. In addition to 
the spicules of ice formed at the surface, others 
may possibly form under the surface of water 
wliich is cooled by radiation. 

This process may go on until the water is 
filled with a mass of ice spicules, so that it 
resembles a mixture of snow and water. The 
whole process is described by Barnes,^ who 
gives a summary of the literature upon the 
subject. It is a minor phenomenon on lakes 
and ponds, where it is confined to the surface, 
but in the rivers of northern countries it be- 
comes of great importance in the formation 
of ice deposits. The frazil which forms in 
the stretches kept open by swift currents is 
carried under the sheet ice, where it lodges in 
great quantities. Barnes® records that near 
Montreal the sheet ice was underlain by nearly 
80 feet of frazil, so that the channel was almost 
blocked. 

Althougli a great thickness of ice may be 
formed in this manner, it is not in a favorable 
place for preservation, and so is not an impor- 
tant source for ground ice. 

Anchor ice. — ^This kind of ice, sometimes 
called ground ice and also confused with 
frazil ice, is shown by Barnes to be formed 
upon the bottom of rivers during clear, cold 
nights. He ascribes it to the cooling of the 
bottom by radiation, the main reason being 
that it forms only when and where radiatioa 

2 Barnes, II. T., Ice formation. New York and London, 
1906. 
« Idem, p. 217. 
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is strong. His own observations upon river 
temperatures show that the water at the bot- 
tom of a swift river may be only slightly 
above freezing during cold weather/ so that a 
very small amount of radiation will cool the 
bottom sufficiently to bring about the freezing 
observed. 

Ice of this kind may form in depths of 30 
to 40 feet in sufficient amount to cause a con- 
siderable obstruction to the channel. When 
the sun shines strongly, the bottom is warmed 
and the anchor ice breaks off and comes to 
the surface, bringing up stones and even ship 
anchors. Barnes^ quotes Scott as finding a 
mass of ice crystals upon a rope suspended in 
sea water. The ice was formed to depths of 
30 to 36 feet. Dawson is quoted ' as observing 
anchor ice in the ocean at depths of 60 to 70 
feet 

There are few observations upon the thick- 
ness of anchor ice, only 2 or 3 feet being re- 
corded. Undoubtedly frazil ice lodges against' 
the growing anchor ice and adds to its volume. 
In structure anchor ice is complicated, being 
a spongy mass of intergrown crystals. Barnes 
says :* 

The growth of anchor ice is exceedingly beautiful, 
taking place in arborescent forms and resembling 
bushy weeds. So hard and thick does it become that 
it is often very difficult to thrust a sounding rod 
through it It is very granular in structure. 

Anchor ice can not be an important source 
for ground ice. It does not attain a great 
thickness and seldom lasts many days without 
being set' free by warm rays from the sun. It 
also occurs only when the conditions are least 
favorable for burial and preservation, for as a 
rule rivers are not heavily loaded with ma- 
terial in winter, and if they were it is not prob- 
able that any anchor ice would form, as the 
muddy water would cut off radiation of heat 
from the bottom. 

Mixtures of ice. — ^Though the greater part of 
the larger deposits of ground ice is probabl.y 
composed of ice of one kind it is possible to 
have ice composed of several kinds intimately 
mixed. The following are some of the more 

1 Barnes, II. T., Ice formation, p. 107, New York an*l 
London, 1906. 

« Idem, pp. 22a-224. 
•Idem, p. 225. 
* Idem, p. 113. 



important mixtures to be expected: (1) Snow 
ice upon fresh or salt water ice, or in a breccia 
composed of fresh or salt water ice; (2) fresh- 
water ice from pools upon salt-water ice, n6v6, 
or glacier ice; (3) veins of n6v6 or fresh- water 
ice crossing other kinds of ice, formed by the 
filling of fractures; (4) snow and water ice, 
from the flooding of snow by fresh or salt 
water. 

STBUCTITRE OF ICE. 
GENERAL FEATURES. 

The crystallization of ice has been discussed 
by several investigators, who were chiefly in- 
terested in the motion of glaciers. McConnell, 
Miigge, Tarr and Rich, Drygalski, and Emden 
have made important contributions to the sub- 
ject, and most of the writers upon ground ice 
refer to them as authorities. American investi- 
gators seem to a great extent to have neglected 
the examination of the ground ice with regard 
to its structure, or at least they have not prop- 
erly emphasized the bearing of its structure 
upon the origin of the ice. On the other hand, 
nearly all the foreign writers devote some space 
to the matter, especially Toll and Tolmatschow. 

In fresh exposures of ice the character of the 
crystallization does not usually show clearly, 
nor does it seem to show when the melting takes 
place too rapidly. The most favorable condi- 
tion for study is when direct sunlight falls 
upon the ice while the temperature of the air is 
somewhat below freezing. A network of lines 
gradually forms over the surface, indicating 
the boundaries of the crystals. Later on air 
bubbles form between the crystals, so that the 
outlines can be seen. Later still the ice disin- 
tegrates into a mass of crystals ^)eculiar to the 
kind of ice under examination. The structure 
may also often be brought out by allowing a 
piece of ice to melt slowly in the shade. It is 
said that a hot iron passed over the surface of 
a piece of ice will bring out the network of 
lines between the crystals. Fractures perpen- 
dicular to the surface of pond ice often show 
zigzag planes, which are suggestive of the sides 
of long vertical prisms. 

Any detailed examination of the structure 
should include optical methods, such as in- 
spection under the polariscope, yet field in- 
spection is capable of throwing much light 
upon the question of its origin* 
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SNOW ICE. 

Ice which has resulted from the solidifica- 
tion of snow into neve, firn, or glacier ice is 
made up of a mass of granules, each one of 
which is an optically distinct crystal. The 
axes of the crystals may lie at all angles. In 
recent snowdrift ice, which may be called n6ve, 
the granules may run from the limit of visi- 
bility to the size of shot. In glaciers the size 
may range from that of hazelnuts to that of 
walnuts.^ In the Canadian Rocky Mountains 
they have been measured as large as 7.6 centi- 
meters in diameter.^ 

Ice derived from snow differs from that 
of glaciers in that the glacier ice shows un- 
dulatory extinction under crossed nicols.' 

It is also generally recognized that snow ice 
has a high air content, the amount diminish- 
ing as the ice changes from white neve to blue 
glacier ice. Agassiz * shows that 1 kilogram of 
n6v6 contains about 60 cubic centimeters of air ; 
white glacier ice, 15 cubic centimeters ; and blue 
glacier ice, 1 cubic centimeter. 

It is shown elsewhere (p. 207) that the 
wedge- form ice also is granular and has a high 
air content, though it is not of snow origin. 
Consequently careful investigation is neces- 
sary to distinguish between these two forms. 

FRESH -WATER ICE. 

Ice formed in bodies of fresh water gener- 
ally has a structure which is vertically pris- 
matic, each prism being an optically distinct 
crystal. The axes of the crystals are all paral- 
lel to each other and perpendicular to the 
freezing surf ace. McConnel says:*^ 

Some of the Ice In the St. Moritz Lake is built of 
vertical columns from a centimeter downward in di- 
ameter and in length equal to the thickness of the 
clear ice ; that Is, a foot or more. 

Tolmatschow says : ^ 

Ice which forms upon the surface of water exhibits 
a parallel growth of long-stalked crystals. In thaw- 

^Drygalski, Erich, OrSnland Expedition, vol. 1, p. 483, 
Gesell. ErdkuDde Berlin. 1802. 

*Tarr, B. S., and Rich, J. L., The properties of ice, 
experimental stndies : Zeitschr. Gletscherkunde, Band 6, Heft 
4, p. 247, 1912. 

* Idem, p. 247. 

^ Agassiz, Louis, Noavelles etudes et experiences sur ^les 
glaciers actuels, p. 168, Paris, 1847. 

* McConnel, J. C, and Kldd, D. A., On the plasticity of 
glacier and other ice : Roy. Soc. Proc, vol. 44, p. 334, 1888. 

* Tolmatschow, I. P. von, Bodeneis vom Fluss Beresovka : 
Buss. k. mineral. Gesell. Verh., 2d ser., voL 40, p. 418, 1902. 



ing, this ice decomposes into a series of irregular 
prisms, which may be several inches long. ♦ ♦ ♦ 
At first the freezing may be complicated, but later it 
becomes simpler and regular and gives an ice which 
as a whole is characterized by its prismatic struc- 
ture, whereby it is easily separated from snow ice. 

Drygalski^ and Tarr and Rich® also de- 
scribed actual examples of prismatic ice, in 
which they are entirely in accord with the ob- 
servations just quoted. 

Fresh- water ice shortly before its disintegra- 
tion in the spring is composed of vertical 
prisms which give way when stepped upon. 
There are many references to this phenomenon 
in the literature of northern countries. 

Not only is the ice from standing fresh 
water prismatic but the ice of flowing water is 
also. Ordinary river ice does not differ nota- 
bly from standing water ice. The heavy de- 
posits of aufeis, described elsewhere (p. 158), 
show the same general structure as pond ice. 

The writer has seen little reference in the 
literature to the freezing of water against in- 
clined or vertical surfaces. Hess® states that 
in a vessel whose sides are good conductors of 
heat, ice forms chiefly with the axes of the crys- 
tals perpendicular to the cold surface. In 
icicles, though the central core may be an op- 
tically single crystal, the outer portions, if they 
are added to after a pause in the freezing, 
show a radial arrangement of crystals whose 
axes are perpendicular to the surface. 

The well-known lines of air bubbles leading 
from all sides toward the middle of a block of 
artificial ice are indicative of the prismatic 
structure mentioned by Hess. The writer has 
examined specimens of ice from a mass that 
had formed from water flowing over a steep 
slope. They were composed of short irregular 
prisms with the greatest dimensions perpen- 
dicular to the surface. They were about 1 
inch long and from one-fourth to one-half inch 
in diameter. 

The generally accepted opinion is that the 
air content of fresh-water ice is small. The 
circumstances under which ice is formed, how- 
ever, may play a great part in the quantity of 
air included in it. If the material on the bot- 
tom of the pond gives off much gas during the 
freezing, then the air content may be high. 

TDrygalski, Erich, op. cit., pp. 405M19, 485-487. 

"Tarr, R. S., and Rich, J. L., op. clt., p. 226. 

» Hess, H., Die Gletscher, pp. 11, 12, Braunschweig, 1904. 
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The air from such a source usually appears 
in the form of rather large bubbles. Some 
bubbles are flattened out horizontally, showing 
that they were included in the ice while press- 
ing against its lower surface. Other bubbles 
are elongated vertically, as though they had 
been caught between the points of downward- 
growing prisms. A concentration into hori- 
zontal rows indicates pauses in the freezing. 

SALT-WATEB ICE. 

The only description of the structure of salt- 
water ice with which the writer is acquainted 
is that given by Drygalski,^ from which the 
following extracts are taken: 

The fundamental difference between the ice of lakes 
(fresh water) and of the fjords (siilt water) consists 
in that In the latter the plates throughout the whole 
thickness of the ice are formed with the flat direction 
perpendicular to the water surface while in the 
former case only at the commencement of the forma- 
tion, and consequently only in the upper layers of tlie 
ice, are they Inclined at right or oblique angles to the 
water surface, and from there on they lie parallel 
to it. ♦ ♦ * Bundles of plates are formed. ♦ ♦ ♦ 
Within each bundle the edges of the plates are par- 
allel, and also the depressions between the edges. 
* ♦ ♦ The direction of striation is constant in 
each bundle, but changes from one bundle to another. 
One can bring out the lamellar structure of the ice 
In any section which is not parallel to the plates 
and consequently perpendicular to the water surface. 
The bundles may have the size of walnuts, but are 
usually smaller. * ♦ ♦ The outlines of the bun- 
dles are irregular. ♦ ♦ ♦ In melting out not only 
is there a separation of the bundles but also of the 
individual plates. This is characteristic of fjord ice 
and separates it from all other ice. 

It is generally stated in the textbooks upon 
physics that when sea ice freezes the individual 
crystals are of pure ice. According to the 
writer's observations, the salts are squeezed 
out of the ice as strong brine or else remain 
included in pockets throughout the body of the 
ice. As soon as the temperature rises to the 
point where the included salts may form brine 
again the salts drain out of elevated portions 
of the ice, leaving the ice more and more pure 
as the temperature rises. It is entirely fresh 
to the taste when the air is at or above the 
freezing point. At the same time the ice be- 
comes honeycombed or even disintegrated,^ so 
tliat a light blow may cause a large cake to fall 
to pieces. 



»Drygal8kl, Erich, op. clt., pp. 419-429. 487-489. 



As the writer was ignorant of Drygalski's 
observations, he did not examine the sea ice 
with sufficient detail to enable him to discuss 
his remarks. A recently drained block of sea 
ice upon the beach one summer showed above 
the former water line a honeycombed white 
and apparently granular structure, though the 
general arrangement was vertical. It broke up 
into short pieces whose vertical dimensions 
were the greater. Below the water line the ice 
was made up of thin, short, transparent prisms^ 
which, although nearly vertical, diverged and 
converged, leaving air spaces or whiter ice be- 
tween them. Once or twice striations upon 
the prisms were seen. 

The short prisms noted above are probably 
the bundles of plates mentioned by Drygalski, 
and thus the writer's observations, though not 
detailed, are in accord with his. The impor- 
tant fact is that sea ice differs from fresh- 
water ice in being made up of irregular pieces 
instead of long prisms, and that it can be 
separated from snow by having a general ver- 
tical arrangement of striated bundles of ice 
plate& 

lilNOR FORMS OP ICE. 

Frost crystals. — ^The walls of cavities in 
frozen ground are usually covered with frost 
crystals. Such ice can not play an important 
part in itself, but it may disturb the crystal- 
lization of water that later freezes within the 
cavity. The resulting structure would obvi- 
ously be neither granular nor vertically pris- 
matic. 

Frazil and anchor ice, — ^In both fresh and 
salt water frazil and anchor ice are character- 
ized by a complicated structure, varying from 
symmetrically arranged plates, similar to the 
frost crystals which grow in moist air, to a 
spongy mass of spicules of ice. New ice 
formed - in the interstices of these spicules un- 
til there is a mass of solid ice would have a 
granular structure based upon the original 
crystals. Careful study would probably de- 
velop criteria by "which such granular ice 
might be separated from other kinds. 

PERMANENCE OF THE STRUCTURE OF ICE. 

It is well known that the crystallization of 
ice will take place against great pressures, and 
although the writer is unaware of any ezperi- 
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ments that throw light upon the structure of 
ice so formed, there seems no reason for doubt- 
ing that the structure is the same as under ordi- 
nary conditions. The structure of the ice at 
the bottom of a heavy bed of winter ice is the 
same as at the top, although the pressure may 
be a few pounds greater. It seems safe, then, 
to say that a crystal, once formed, will preserve 
its character against any pressure which does 
not deform the ice. The experiments of Tarr 
and Rich ^ show that the elastic yielding point 
lies near the breaking point of ice, and also 
that prismatic ice can be changed to granular 
ice when the pressure is sufficiently great to 
fracture it.* 

Bunge, among others, has suggested that the 
stresses set up by the annual contraction and 
expansion of the ice, especially if new ice is 
added in the frost- formed crevasses, may intro- 
duce pressures sufficient to alter the character 
of the crystallization. This may be the case, 
but it is not necessarily so. The same pressures 
are set up every winter in the ice of landlocked 
bodies of water, yet the prismatic structure is 
not destroyed. Also, ground ice is described 
below wl^ich is actually prismatic. 

PRESEBYATION OF ICE. 
GENERAL! FEATURES. 

In discussing the possible sources of ice it 
has been shown that some ice, such as that in ice 
wedges and crystophenes,* is covered with a 
protective mantle at its very origin, and that 
other ice, such as brecciated ice, contains the 
material which may preserve a portion of it. 
As a rule, however, imder present climatic con- 
ditions the ice must be covered with a protec- 
tive mantle before it can be preserved from 
year to year. Whether the climate of former 
times was such that ice could have existed 
without protection is a matter of speculation. 
Even now the excess of melting over freezing 
is so slight that only a very little protection is 
necessary to preserve a portion of a winter's 
formation of ice so that it may last over the 
ensuing summer. The thickness of both the 
ice and the covering may then increase from 

»Tarr, R. S., and Rich, J. L., op. cit., p. 243. 

*I(lem, p. 247. 

•Tyrrell, J. B., Crystophenes or burled sheets of Ice in the 
tundra of North America: Jour. Geology, vol. 12, pp. 232- 
236, 1904. 



year to year until stable conditions are reached. 
Below^ are given the most important methods 
of preservation observed by the writer and 
others. 

MATERIAL TRANSPORTED BY GRAVrTY. 

Slumping. — ^The slumping of frozen cut 
banks is one of the most obvious methods by 
which ice may be buried and preserved (PI. 
XXVI, B). The ice so covered may be of 
almost any origin. As banks are usually cut 
back by the forces which formed them, such 
deposits of ground ice are not only small but 
also temporary. 

Creeping or seepage of material from steep 
slopes might bury larger ice deposits than 
could be buried by simple slumping, and the 
chance is greater that they will not be cut 
away by water action. Brooks suggests that 
some of the ice of Seward Peninsula has been 
preserved in this way. 

Talus, — Ice in the interstices of talus or 
even under it falls near the dividing line set 
by the definition the writer has adopted for 
groimd ice. Such ice among talus blocks is a 
common feature, even in mild climates. Capps 
has stated that in the Wrangell Mountains of 
Alaska, in latitude 62°, the ice may exist in 
such quantities that the talus flows after the 
manner of glaciers. 

MATERIAL TRANSPORTED BY WATER. 

Spring fioods of rivers. — This method is ob- 
vious and has been suggested by many ob- 
servers, beginning with Middendorff about 
1846. Moffit gives a good description of the 
process. Though the material borne by spring 
floods may bury any ice which lies upon the 
flood plain, it is especially important in con- 
nection with deposits of aufeis. This kind of 
ice may reach a considerable thickness over the 
whole valley bottom, even overriding benches 
on both sides of the present flood plain. If 
this ice is buried by gravels during the first 
rush of water it has an excellent chance to 
remain for years as ground ice (PI. XXVI, J.). 

As this origin and method of preservation 
is so evident, all horizontal sheets of ice upon 
the flood plains of rivers should be assigned 
to this source, unless careful examination ex- 
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eludes it. Tyrrell's crystophenes seem to fit 
this descriptiuii, uiid the writer prefers to as- 
sign thciii to a source which is known to be 
fcufficicnt rather than to one about which there 
seems to be grave reasons for doubt. 

It has been suggested by Stef&nsson that 
the same process might bnry the sea ice near 
the mouths of rivers. As stated in discussing 
his observations (p. 238), this is a possible hut 
improbable method. 

Coastal outujonh in spHng. — Ponds and la- 
goons behind barrier beaches which were 
erected by the wa^es of the previous summer 
are filled by melting snow in the spring, so 
that they either overflow and cut channels 
through the barriers or. as seems more prob- 
able, they burst through them, spreading the 
Disterial to a thicknc^ of several inches over 
an area of the sea ice. The chances of pres- 
ervation of the ice, however, are very anall, 
for the barriers are formed only where wave 
action is strong. 

Much peaty detritus collects in the bottom 
of shallow bays and may be carried out upon 
the ice in .spring. Th« i<.<o may also shove into 
such material during the expansion in the 
warm woather of spring. This material is a 
very go<Ml nonconductor of heat, so that' a thin 
layer will protect (he ice from melting. The 
l(Kaition also is such (hat waves are able to 
exert little foi-cis in cutting the material away. 
The writi-r ban weu unich ice pivserved in this 
way in the tiirly sumnuT, buC it is pmlwlile 
that ItUio of it can Inst (hrongh (ho yoar. 

AW W'imA. I« ojH'n seasons tho .\ri-(io Ocean 
doi'H not fn'i'W' over nidil sonic time after ii\> 
Inin roniitnl in protiH-tod areas. \Mv autnmnu) 
Hinnns often ovenvnsh (ho Uirrier Uwches and 
Mpmid wand and tiv&wA over thp itv within 
llioin. An (hi'* w is pitittvtwl fwiu wave cut- 
lliitl It U 111 It fiivurnblo inwiliim for prew'rvn- 
\\i>\\, tWch foriuiilions altor*! such jHHir i>r\>- 
tiHilloii titinliii't uielliiit?, liowoMT, that under 
|ii-MM<iil n»iililli>n« (hii« niflhiHt »f pn>s(>rvKtioi\ 
In liiiiidli'lxiil ti' briny aU'Ut *|oiH«its of gnumd 
|m<. tr Ihv >'liniiit» ^\t<iv cthler, \\w w in tho 
iiiiiiim Hiiiitd (iiobublv W h>>tt\ior, and mi tho 
ttiiVKn »onld bo luNiilUotont to iilTor^l h.h much 

llltllt'l'llll tl" at |il'Ontt||l. 



MATERIAL TRANSFOBTEO BY WIND. 

The transpoi-tation of sand, silt, or vege- 
table material has been frequently mentioned 
as a means of preservation of ground ice, and 
there seems to be no doubt of its efiSciency in 
the neighborhood of easily transportable de- 
posits where sand or silt dunes are being 
formed. 

Sand. — On the north shore of .Alaska sand 
dunes were nowhere observed, but much sand 
is carried by the wind, as is shown by its dis- . 
tribution over the ice and snow near the beach. 
Only occasionally does the sand become thick 
enough to hide the ice, except within a few 
yards of the beach, but scattered grains may 
be seen some miles from any local source. It 
is not probable that any ice is preserved by 




wtnd-btown sand at the present day in this 
region, because sand affords such poor protec- 
tion and ice so covered is likely to be exposed 
to cxitting by waves or river currents. 

sat. — The chance of presenation of ice by 
silt is much greater, for not only is the amount 
of material greater but the ice may be pro- 
twtwl frtim water action. Even with silt the 
ice so pivserveil must be strictly local, for most 
of the material is dropped within a few hun- 
dred yanls of its source. Boulders lie upon 
tho tundra within that distance on the leeward 
side of the silt dunes of Canning Kiver. The 
hollows among (he dunes are a favorable place 
for (xmds and snowdrifts and have a maximum 
amount of material available for the preserva- 
tion of ice. but the writer has never seen ground 
iiv in exposures in these areas of dimes. 
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H. M. Eakin, of the United States Geo- 
logical Survey, has photographed an exposure 
containing ground ice near the mouth of 
Tanana River. (See fig. 15.) He says that 
this exposure is about 20 feet high and consists 
mainly of wind-blown silt. The bed of ice is 
about 30 feet long and 3 to 4 feet thick. The 
two buried trees shown in the exposure are in 
place, and one of them runs through the ice 
bed. He considers that this mass of ice is 
clearly a snowdrift covered and preserved by 
wind-blown silt, and the writer entirely agrees 
with him. 

Vegetation. — ^The amount of wind-borne 
vegetation is very small, so that only excep- 
tionally is it sufficient for a protective cover- 
ing. The writer has never seen any ice on the 
coast which may have been covered in this 
manner. Snowdrifts at the foot of steep 
banks in the interior were often observed to 
have an inch or so of debris, sufficient to pre- 
serve a large snowdrift through the summer. 

Wind-borne material is thus seen to play a 
minor part in the preservation of ice at the 
present day. Under different conditions it 
may have been more efficient, especially if the 
coastal plain at one time had no protective 
mantle of vegetation. 

MATERIAL INCLUDED IN THE ICE. 

Melting at the surface of a deposit of ice 
which contains included material will cause 
a concentration of this material over the ice. 
Glacial ice is buried in this way, but the 
process does not seem to be generally effec- 
tive, for most of the ground ice is fairly free 
from inclusions of earth, except where ice has 
been shoved up on the shore. As the land- 
ward-pressing floes moimt upon the beach they 
scoop up much material from the ground, so 
that a mass of blocks of ice mixed with sand 
or turf is formed. The upper parts of the re- 
sulting pressure ridge may be quite free from 
beach material, but the lower part is sure to 
contain it in large amount. 

In summer the ice within reach of the waves 
will be rapidly cut away. The ice which is 
above sea level will melt away until a suffi- 
cient amount of material has been concen- 
trated over it to preserve it. The outlines of 
the deposit will gradually be smoothed out, 



and it may be covered by vegetation, so that 
in time it becomes part of the ground. As the 
included material is apt to be mostly sand, 
which forms a poor protective mantle, the 
ridges usually waste away before the summer 
is over. Only two such deposits have been 
observed by the writer to last from year to 
year, and these had much muck in addition to 
sand as a covering. 

V^EGETATION. 
PEAT. 

One of the simplest and most widespread 
theories as to the origin of ground ice is that of 
the encroachment of a floating mass of sphag- 
num moss from the sides of ponds, until at last 
it covers the entire body of water. The pond 
once covered, the summer's melting can not take 
place, and the lake may freeze downward to 
the limit of ground frost. This explanation 
was first proposed by Turner, of the American 
observers, and has been adopted by Russell, 
Maddren, and Mendenhall. TolP gives the 
credit of this theory to Baer and Schrenk, who 
anticipated the Americans. 

Whatever effect this process may have in 
other localities it is not operative on the 
north shore of Alaska at the present day, nor 
does it seem to have been so in the past. The 
ice in general is covered by material which 
could not float. Where sphagnum (?) peat 
was found over the ice, the ice was of such a 
character that it could not have resulted from 
the freezing of ponds. 

As the writer did not find any eyidence as 
to the burial of ponds in this manner in the 
past, he kept careful watch for the process at 
the present day, and nowhere did he find 
any suggestion of it. The moss, which if not 
sphagnum is closely allied to it, does not grow 
in the water, but in damp places slightly above 
the water level, around the margins of ponds, 
or in flat areas where the drainage is sluggish. 

The shores of smaller ponds, where not 
eroded by wave action, are as a rule nearly 
vertical, and the turf grows to the edge of the 
water, but nowhere does it overhang to any 
extent. The writer has frequently thrust 
down an iron-shod staff, and he always found 

^Toll, Eduard von. Die fossilcn Eislagcr: Acad. Scl. St.- 
P<?ter8bourg M6m., 7th ser., vol. 42, No. 13, pp. 28-29, 1895. 
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a solid wall. Many recently drained ponds 
have been seen, and on none of them was there 
any suggestion of a floating fringe of vegeta- 
tion. In some places the turf had bent down, 
but it was composed of material which could 
not have floated. Plate XXVII, 4, shows the 
abrupt turf-covered edge of a pond 2 feet 
deep and perhaps a couple of hundred feet 
.across. 

The shallow ponds were usually fringed or 
covered with vegetation, which was evidently 
growing up from the bottom (PL XXVII, Z?). 
This vegetation decays and accumulates until 
other forms may find a foothold, so that 
finally the pond is completely filled. The only 
ground ice possible in such places is that 
"which forms in the interstices of the decaying 
vegetation. 

That sphagnum moss is of minor importance 

in the formation of peat in temperate climates 

and also does not grow there in or upon water 

is brought out by Davis,^ who, in describing 

the peat bogs of Michigan, says: 

Every locality visited was carefully examined to see 
If sphagnum showed any tendency to grow in water 
beyond advancing higher seed plants, as it has been 
reported to do, and in no single Instance was it found 
beyond the sedges or shrubs which formed the mar- 
ginal zone upon open ponds. 

He also describes the burial of deep ponds 
by encroachment of floating vegetation thus : * 

The basin presents * * * a jnarsh of greater or 
less width, the lalieward extension of which is afloat, 
and which is of the nature of a mat or raft built up 
by the interwoven rliizomes or horizontal stems of 
sedges or rushes. * * * Extensive bogs and marshes 
are formed by these plants by building out from Che 
shores of lakes, the felted and interwoven mats of 
their submerged stems and roots making a buoyant 
structure capal)le of supporting considerable weight. 

He says elsewhere ^ that the order of appear- 
ance of sphagnum is apparently invariable — 
only after the floating mat has been grounded 
near the margins of the pond and usually after 
the appearance of such other vegetiition as 
ferns. 

The burial of ponds by a floating mass of 
sedges (not sphagnum) is typical of cool tem- 
perate climates, but no such thing occurs along 
tlie Arctic shore of Alaska. It is possible that 

» Davis, C. A., Peat, essays on its origin, uses, and distri- 
bution in Michigan : Michigan Geol. Survey Rept. for 1906, 
p. 275, 1907. 

2 Idom, p. 1 n.'). 

"Idem, pp. 15S-150. 



near the southern limit of ground frost the 
process may take place, so that ground ice 
formed in that wav mav occur there. 

ALOAE. 

In July, after most of the shallow coastal 
ponds had entirely melted, ice was found at 
the bottoms of some of them, under a blanket 
a few inches thick, composed of an alga which 
resembled the Spirogira of stagnant pools in 
warmer climates. This ice was frozen to the 
bottom. When the seaweed had been removed 
the ice was clear and white. The alga may 
have been floating on the surface in the fall, so 
that clear ice formed under it. In the spring 
this blanket not only protected the ice and the 
ground under it from the direct rays of the 
sun but it gjreatly interfered with convection 
currents, which are the chief means by which 
surface heat is transmitted downward in water 
whose temperature is below 4° C. 

Under present climatic conditions the ice so 
protected does not seem to last through the 
summer, but a very slight decrease in temper- 
ature would bring this about, and then small 
but constant additions to the material might 
build up the mantle until it was thick enough 
to protect the ice from the milder tempera- 
tures that now prevail. 

LIMIT OF THAWING. 

In most places the upper surface of the 
ground ice lies immediately below the limit of 
annual thawing. The position of this limit 
has an important bearing upon the origin 
of the ice. Where the material has concen- 
trated out of the ice by melting, it must obvi- 
ously attain only to this thickness. Under 
Lieut. Belcher's theory, also, the ice forms at 
the limit of melting. Under the frost-crack 
theory the surface of the growing portion of 
a. wedge should be at this limit, though the 
older portions of a wedge should lie below it, 
unless, as the writer has attempted to show, 
the process of growth tends to keep the mantle 
at a constant thickness. Consequently the 
preservation of groimd ice whose upper sur- 
face lies just below the limit of thawing is 
more probably controlled by the position of 
this limit rather than by the transportation of 
material to cover the ice or the growth of vege- 
tation upon its surface. 



V. S, OEOLOOICAI. BURTET 




A, GROUND ICE WEDGES ON NOATAE RIVER. 




B. GROUND ICE WEDGES ON FIAXMAN ISLAND. 
(See Bg. IT. p. ZOT.) 



u. a. QBOLOoicAi. auBVBT 



PROFESSIONAL PAPEB lOB PLATB J 



i 





GROUND ICE. 



205 



OB8EEYATION8 ON THE NORTH SHORE OF 

ALASKA. 

GROUND ICE WEDGES. 

THEORY OF FORMATION. 

The theory of the origin of ground ice here 
presented was formed in July, 1914, after nine 
summers spent upon the north shore of Alaska. 
An article was written in December of the 
same year and afterward published.^ This 
article has been expanded and embodied in 
the present discussion. 

On reexamining the literature, with which 
the writer already had a fair acquaintance, it 
was found that in 1883 Bunge had propounded 
a similar theory. Bunge, however, did not 
give detailed descriptions of exposures, nor 
describe the stages of growth of the ice wedges 
with sufficient' clearness to make his exposition 
plain to those who followed him. In fact, 
by citing others as supporting him he greatly 
weakened his own case, for the men whom he 
cited held theories that differed greatly from 
his own. 

Hooper, in 1881, also suggested a probability 
of the growth of ice in cracks in the ground, 
i^ider succiBSsive changes from freezing to< 
thawing. 

The writfer here endeavors to present his 
theory with such detail that it may be grasped 
and to support it with diagrams and photo- 
graphs showing the stages of the formation of 
ground ice according to this view. 

He went into the field in the summer of 
1906 with the idea that the coastal ground ice 
occurred in horizontal sheets and did not learn 
its real distribution until 1914. During the 
first eight summers, although the groimd ice 
was examined at every opportunity, little in- 
sight was gained into the method of it's for- 
mation. 

The usual theory advanced in the literature 
is that bodies of snow or ice were buried by 
peat or wash material and thus preserved. 
The writer sought to interpret the Alaskan 
coastal ground ice in this way, but could nei- 
ther postulate a satisfactory source for the 
ice nor find any workable hypothesis to ac- 
count for its preservation. Not until the sum- 
mer of 1914 did he discover that most of the 

»Jour. Geology, vol. 23, pp. 635-654, 1015. 



ice was formed in place in the ground. A 
vertical wedge of ice within a peat bed first 
drew his attention to the fact; for such a dike 
of ice could not have stood up in the air for 
the hundreds of years that were necessary 
for the formation of the peat. 

Several dozen photogi'aphs of the ice were 
made, but most of them were later damaged by 
water, so that the writer has to depend chiefly 
upon sketches which were often hastily made. 
Fortunately P. S. Smith, of the United States 
Geological Survey, some years ago had secured 
photographs of ground ice on Noatak Eiver. 
One of these photographs illustrates wedge- 
form ice of the kind that is the subject of this 
chapter. (See PI. XXVIII, .1.) 

FBOST CBACK8. 

During the Arctic winter frequently loud 
reports are heard, coming apparently from the 
ground. Often the sound is accompanied by a 
distinct shock, which is in fact an earthquake 
of sufficient intensity to rattle dishes. The 
writer has spent six winters in the region under 
discussion, living most of the time upon the 
timdra, which is chiefly underlain by muck. 
Many camps have been made upon other forma- 
tions, such as sands and silts, and his impres- 
sion is that the sound of the cracking ground 
was heard everywhere. This impression has 
been confirmed by a prospector who has lived 
nearly 30 years in the country! 

It was at first thought that the reports were 
caused by the cracking of hard snowdrifts, but 
the cracks in these drifts were seen to run into 
the ground below. When the snow melts in 
the summer fresh open cracks can be seen cut- 
ing across all the tundra formations, even 
across mud and growing moss l>eds, and divid- 
ing the surface into polygonal blocks, which 
resemble mud-crack blocks but are of a much 
larger size. These blocks have an estimated 
average diameter of about 16 yards and have a 
tendency toward the hexagonal form, although 
rectangles and pentagons are commonly devel- 
oped. 

Occasionally a crack is seen to run across a 
flat surface, with no associated features (see 
PI. XXIX, A ) , -but usually it is accompanied 
by other modifications of the surface. Either 
the cracks He in a gentle depression which sur- 
rounds elevated polygonal blocks or they run 



206 



THE CANNING RIVER REGION, NORTHERN ALASKA. 



between two parallel ridges which surround 
depressed blocks. These features do not vary 
from block to block, but each is locally devel- 
oped over a considerable area. Few of the ele- 
vated blocks have a relief of more than 1 foot, 
but that of the depressed blocks may be twice 
as much. 

The parallel ridges form shallow reservoirs, 
very similar to those of the block system of 
irrigation, especially when they take a rectan- 
gular form, as many of them do. They may 
contain ponds and are invariably swampy, so 
that when crossing such an area dry footing 
can only be had on the ridges. (See Pis. 
XXIX, B,' XXX, A.) On Flaxman Island 
the tendency of the depressed blocks is toward 
a rectangular arrangement, and the frost 
cracks extend in a straight line for a distance 
sufficient to include several polygons. One 
double ridge was paced for a hundred yards 
in nearly a straight line. On either side simi- 
lar ridges ran parallel to it about 75 feet away. 
These ridges were perpendicularly intersected 
by four others equally spaced, thus forming 
blocks about 25 yards square. 

In an area of elevated blocks near by there 
were many places where these cracks radiated 
symmetrically from a point, so that fairly reg- 
ular hexagons were formed. 

FORICATIOV OF ICE WEDGES. 

The open frost cracks are in a favorable po- 
sition for being filled with water from the melt- 
ing snow, as most of them lie in depressions 
upon a flat surface. Those that by chance should 
get no water may become filled with ice crys- 
tals deposited by the damp air by internal 
" breathing." The crack is thus filled with solid 
ice from the freezing of the water, or contains 
much ice in the form of frost crystals, so that 
a narrow vein of true ground ice is formed in 
the portion which lies below the depth reached 
by the annual thawing. When the frozen 
ground expands under the summer's heat, the 
readjustment to the strain may take place in 
four ways: (1) The pressure may melt the ice, 
so that the crack is closed again; (2) the 
ground may be sufficiently elastic to absorb 
the strain, so that no deformation occurs; (3) 
the ground may be deformed and bulged up, 
either as a whole or locally along the edge of 



the ice wedge; (4) the ice itself may be de- 
formed. 

If the summer's strain has been relieved by 
readjustment of the material within the po- 
lygonal block, the next winter will again bring 
about the conditions which caused the first 
cracking of the ground. The first crack con- 
tains ice and probably is a plane of weakness 
for tensile strains, especially if the crack has 
been only partly filled. If it is a plane of 
weakness, new cracks will annually open at the 
same place and a constantly growing body of 
ice will be formed there. That this condition 
is common in tundra formations is shown by 
the constant association of ice wedges with 
definite centers of frost cracks. 

Thus the growth of the wedge goes on from 
year to year, possibly failing during mild 
winters, when all the cracks may not be forced 
open in order to relieve the strain. The 
writer's" observations show that the ice may in- 
crease until it underlies about one-fifth of 
the area of the block, but there is no theo- 
retical reason for stopping at this stage. The 
wedges might grow until the amount of ice 
would exceed the amount of earth, so that in- 
stead of intrusions of ice into the earth an ex- 
posure would apparently show intrusions of 
earth into a heavy body of ground ice. Al- 
though nothing approaching this possible stage 
of development has been seen by the writer, 
the descriptions of localities in Siberia by 
Maydell and Toll, which show intrusions of 
earth scattered through a heavy body of ice, 
lead the writer to believe that there we pos- 
sibly have ice wedges in an advanced stage of 
growth. 

APPEA&AKCE OF TEE WEDOE8. 

Cracks have been seen accompanied by no 
other surface manifestations (PI. XXIX, A) 
and with no visible ice below them. The small- 
est wedge that has come under observation was 
about a foot wide. No doubt there are smaller 
wedges, especially in areas such as recently 
drained lake bottoms, where the process is just 
beginning. The thin veins have nearly parallel 
sides and flat tops, as shown in figure 16. As 
the ice increases in size it approaches more and 
more to the wedge shape, as the growth is 
greatest near the top, where the crack opens 
widest. There is a tendency in the large 
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wedges to spread out under the surface oi 
the ground. This tendency is exaggerated 
in oblique sections. (See fig. 17 and PI. 
XXVIII, B.) 




The bottom of an ice wedge has never been 
obser%"ed by the writer. Most of the bluffs on 
the nortli shore of Alaska are less than 10 feet 
high, and their bottoms are concealed by slump- 
ing. The maximum vertical dimens-ion ob- 
served is about 10 feet, but the wedge liad a 
thickness sufficient to have carried it two or 
three times that distance before pinching out. 
The ultimate depth must depend upon the 




FIOUBE 17. — Two Jolnloe Ice wedgea; tbe ooe on tbe right 
ll cut obllqoely. The dotted Uaes represcot lines of air 
babbles within tbe Ire. a. Murk and clay, much dls- 
tacbed; 6, Band. (See PI. XXVIII. B.) 

depth of annual change in the ground tempera- 
ture in the i-egion. In the Schergin sliaft 
(p. 184) the annual change is not notice- 
able at 50 feet. It is not probable that 
the cracks extend to the extreme limit, 
but once having been started by the great 
tension at the surface they may be ex- 
pected to approach that depth. In dis- 
cussing the question it soems safe to as- 
sume 30 feet as a working basis. 

In muck formations the upper surface 
of the ice is usually loss than 2 feet under 
the ground, about the limit to which the sum- 
mer's thawing penetrates. This surface is 
usually horizontal or undulates with the sur- 
face of the ground. One or two exposures 
showed a dome-shaped surface and another a 



central projection above the general surface 
(fig. 16), Some more complicated exposures 
are shown in figures 19 and 20. The over- 
lying material, as a rule, is much capped by 
a few inches of turf. Occasionally it is peat 
capped by growing sphagnum (?) moss. 




8TX1TCTUHE OT THE ICE. 

A fresh truisverse section of an ice wedge 
shows a face of whitish ice with numerous 
parallel vertical markings. These markings - 
are usually formed by whiter ice, which con- 




. — Coniplicati'd eipoiure of Ice In sanil. 



tains a large amount of air bubbles. In many 
specimens it is visibly granular, yet it shows 
a general vertical structure. As a rule the 
granules are less than half an idch in diameter, 
the average being about a quarter of an inch. 
Some specimens of ice when allowed to lie in 
the shade on a cool day broke up into short, 
irregular pieces, the greatest dimensions of 




FioimB ao. — Complicated t 
with uptarned beds. 



which were vertical. These pieces were an 
inch long and half an inch in diameter. 

From the method of formation the crystal- 
lization should be irregular. Where water 
freezes in an open crack, short prisms might 
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develop with the axes perp^idicular to the 
freezing surface, which in these places is verti- 
cal. The axes of the ice crystals in the walls 
would have a disturbing effect, as would also 
any frost crystals within the crack. Every 
new crack runs across the crystals indiscrimi- 
nately, and the new intrusion of ice adds to 
the complication. A careful study of the struc- 
ture of wedge ice would probably develop 
criteria by which it may be separated from 
n^v^ ice. 

The writer's notes upon the air bubbles bring 
out nothing as to their shape and size. The 
chief characteristics are their abundance and 
orientation into vertical rows. In content of 
air wedge ice may closely lesemble nev^ ice, the 




ftavma 21. — Ice wedge In saDd. A tunnel hu been ent In 
the lci> by drainage of surface water tbrouKli the trost 
crack. The aand on either side la apiHu^ntl; bulged up. 

difference lying in the distribution of the air 
bubbles. In recent nev£ ice examined by the 
writer the bubbles were scattered haphazard 
throughout the ice. Any concentration is 
mure apt to occur along horizontal lines 
than along vertical ones. 

At the Hides of the wedge the mark- 
ingfi of the ice art^ incline<l from the verti- 
cal and a)>pn>iich parallelism with the 
flides. As the gi-owth srams to occur near 
the c«nt('.r of the wed'gi> the older lines, 
though originally vertical, are spread 
■puii lit the lop. Oblique sections of t 
wedgtw giv(^ oxaggi-raled niiglRs of in- 
clination or even curvpii (fig, 17). 

In Neverul pliic(>H cnu'kH wuiv stH>n running 
down u few feet inlii the ic(< as prohingntions 
of Hn (i]H'n froHt crack in the tundru above. 
Omn! or twice iHohiled <ipoii cnicks were seen 
witliin tliK body oT the ice, ho that a thin sheath 
knir» cdiihi \w Hliovcii in for several inches (fig. 
U\). Neiir the I'dgo of a hank these opi«n cracks 
itiny lH«i-itnic< ilniinage linen for surface water, 
Ml tliHt II 1 iiiiiH't \h tievclopcc! within the iw (fig. 
Ul). Ah the liiliht'l widens tho roof caves in, 



and a deep gully is formed in the bank. These 
gullies work back and around the polygonal 
blocks and make walking rather difficult in the 
neighborhood of an old bank (PI. XXX, B). 

Some earth is likely to get down into the 
open frost crack while it is being filled with 
water, especially when the overlying material 
is mud or clay. Under growing peat the 
chance is not so great. The exposures of ice are 
usually so dirty from the mud which has 
droi»ped off from above that vertical earth 
veins might not be noticeable. 

The possibility also exists that the pressure 
exerted by the growing wedge should fracture 
it so that earth inclusions might make their 
way into the sides of a wedge. Such an occur- 
rence has never' been seen by the writer, al- 
though it is reported from Siberia (fig, 30, 
p. 217). 

STBVOTimZ or UfOLOSBO BLOCK or EABTH. 

The typical formation associated with ice 
wedges in the region under discussion is muck, 
a black mud containing much vegetable mat- 
ter more or less decomposed. It varies from 
a peaty detritus that shows signs of having 
been water-laid to sand or mud mixed with 
varying amounts of decaying vegetation. Un- 
disturbed sections of this muck usually show 
horizontal bedding. Occasionally sand or a 




slimy clay was seen under the muck at points 
where a good exposure revealed the lower 
strata (fig. 22). As the ice wedge grows in 
thickness and presses against the edges of the 
cleaved nuick and sand beds they may become 
upturned and in time bent to the vertical or 
even beyond, causing the ridges which run 
along either side of the frost crack in the area 
of "depressed blocks." In areas of "elevated 
blocks" the process is not so easily understood. 
It may bo that the block as a whole has been 



bulged up sufficiently to bring its surface above 
the geaeral level, or else a central depression 
has been 611ed in and capped by turf. 

The upturned beds of muck on either side 
of a wedge are a striking feature, and almost 
invariably occur in good exposures (figs. 23 
and 24). Wherever the muck is underlain by 
sand, the sand is apparently forced up along 
the edge of the wedge, so that it lies between 
the ice and the upturned beds of muck. Some 
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As the growing vein of ice becomes more 
wedge-shaped the pressure from its walls ex- 
erts a vertical component against the sides of 
the wedge. This tends to force the wedge up- 
ward. If an upward movement should occur, 
the ice would carry its protective covering 
with it and be able to exist level with or even 
somewhat above the general surface of Uie 
block. Since a bulging of the block by the 
growing wedge seems necessary, some upward 




beij, Bhowlng upturned 



of the illustrations show the sand apparently 
forced higher than the ice, or nearly through 
the layer of turf {fig. 21). The bedding of 
peat, on the other hand, does not seem to be 
disturbed by the growth of wedges. 

In figure 25 is shown a hypothetical section 
of ice wedges and a depressed polygon block. 




riGCBB 24.— l.arce Ice wedee which BpreadB out under the 
surface ot the ground. The vprtlcal Unea Indli^ste rows of 
whiter Ice full ot air bubbles. The material on both sides 
la sand. To the right are aptnraed muck beds. 



The writer was unable to ascertain the fac- 
tors which control the character of block de- 
velopment. The "elevated blocks" are char- 
acteristic of drained areas and seem to be 
nearly constant features near banks. The " de- 
pressed blocks" are associated in the writer's 
mind with flat, marshy country. This, how- 
ever, may he thp effect rather than the cause of 
the difference in character of the blocks. The 
network of depressions will drain the elevated 
blocks, but the ridges form dams which inter- 
fere with surface drainage. 
16344'— 18-: — 14 




motion of the wedge may take place without 
bringing the top of the wedge up to the gen- 
eral level. In the depressed blocks (Pis. 
XXIX, B, p. 205, and XXX, ^, p. 206) the 
surface of the ground between the parallel 
ridges (probably underlain by ice) is higher 
than that of the blocks on either side. 

IHICKKEBS 07 PBOTECTIVX KAMTLE. 

The usual covering of the ice is muck capped 
by turf, or peat capped by growing sphagnum 
( ? ) moss. As the thickness of this mantle in- 
creases by surface growth, the limit of the 
summer's thawing should rise, thus allowing 
a constant upward extension of the surface 
of the ice wedge at the locus of growth. Ap- 
parent upward growth of the surface waa 
seen at only two or three places. In one place 
(see fig. 16, p. 207) there is an upward projec- 
tion of ice above the general surface of the 
wedge, indicating a sudden change of the 
limit of thawing. In the other places the sur- 
face was dome-shaped, indicating a gradual 
change. As most exposures show tlie surface 
of the wedges to bo nearly parallel with the 
surface of the ground, it seems that a balance 
must be maintained between the thickness of 
the covering and the increase in area to be 
covered, as the wedge becomes wider. 

The rate of growth of turf must be very 
slow in this region, for there are many half- 



210 



THE CANNING BIVEB BEGION, NOBTKEB^ ALASKA. 



buried boulders on the surface of the tundra, 
which have been there since glacial time, or at 
least since the coastal plain emerged from the 
sea. Many bare spots exist where the turf 
has not been able to obtain a footing. 

WTierever the protective covering is of muck, 
creeping of the soil will tend to close up the 
open frost crack. This will thin the covering, 
and if the rate of surface growth of turf is not 
sufficient to counteract the resulting decrease 
in thickness the upper surface of the ice will 
be lowered by melting. The increased slopes 
will cause more material to creep down over 
the ice, thus keeping the protective mantle up 



OHA&ACTEB OF EZP08T7BES OF XOX WEDGES. 

When a bank is undercut by wave or river 
action large masses of tundra commonly break 
off. As the frost cracks are planes of weak- 
ness, the break is likely to be along the ice 
wedges (PL XXXI, A and 5), especially in 
high banks, where whole blocks break out, 
leaving many reentrant angles in the resulting 
bank, along which a nearly continuous expo- 
sure of ice may be seen. There appears to be 
a heavy horizontal sheet of ice of great thick- 
ness, whereas, in fact, little of it extends back 
more than a few feet from the face of the ex- 
posure. 



Horizontal scale 
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FiouBE 26. — Map of frost cracks on tbe tundra, with a sketch of the exposures of ground Ice in the bank at one edge of 
the mapped area. Heavy lines represent frost cracks open in July. Tbe dotted lines show evident loci of frost cracks. 
Stipple marks show areas probably underlain by ground ice. In the section below the map white areas represent ground 
Ice ; dotted areas, sand ; lined areas, upturned muck beds. The rest of the exposure has slumped. 



to the required thickness. A shallow depres- 
sion will thus be formed, the slopes being 
sufficiently steep to cause the proper amount 
of creeping. 

If the covering is sphagnum (?) moss the 
conditions may be somewhat similar. The moss 
and subjacent peat may also close the crack by 
creeping. At the 8anu» time the bed will become 
thinner, but growth of the moss will soon 
cauHe it to become tliicker. If the moss grows 
too rapidly, the depresHion will be filled, and 
the conditioriH of inoiKtiin* favorable to growth 
will r'4*aH(*. 'riiiiH it \H poHsible for the growing 
UtH wiul^n* to maintain a peat covering of 
cofu^ttiit (hickm^HH. 



On a 250-mile boat trip from Flaxman Is- 
land to Point Barrow in the summer of 1914 
exposures of muck banks invariably revealed 
ice. Many miles were examined closely on 
foot or from the boat, and very little ice was 
observed which was not definitely in the form 
of vertical wedges, associated with frost cracks 
on the surface of the tundra. 

DETAILS OF A FROST-OBAOK ABEA. 

In figure 26 is shown a plane-table map of 
an area of frost cracks and below it a sketch of 
the exposures of g?x)und ice in the bank. The 
polygonal blocks were of the elevated type. 
The relief was very faint, being somewhat ob- 
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TUNDRA BLOCK BROKEN OFF FROM FIAXMAN ISLAND. 
loavedcaBtUt. 




B. TUIilDRA BLOCK BROKEN FROM THE NOBTU SIDE OF FLAXMAN ISLAND. 
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scured by sand which had drifted up from a 
sand spit on the left. The exposure was some- 
what slumped but gave sufficient details to be 
illustrated. The heavy lines on the map show 
open frost cracks ; the dotted lines, the evident 
locations of cracks. Where there was no sur- 
face indication, no lines were drawn. The 
shaded areas are supposedly underlain by ice 
wedges. 

The average diameter of 11 blocks shown on 
the map is about 36 feet. The largest block 
is about 36 by 49 feet and the smallest 16 by 
26 feet. The largest wedges of ice are about 
8 feet wide at the top, and this width has been 
used in estimating the areas probably under- 
lain by ice, except where surface indications 
pointed to new centers of development. About 
20 per cent of the tundra is probably under- 
lain by ice. 

ASSOCIATED FO&MATIOKS. 

Wedges of ground ice, with their accom* 
panying surface features, are typically asso- 
ciated with muck formations. None were 
seen elsewhere. River silts, elevated deposits 
of sand and gravel, and soft shales have been 
carefully examined. The only ice found in 
such places was evidently of another form and 
of a different origin. Straight lines leading 
across the gentle surface undulations of sand 
spits have frequently been observed, and they 
can be explained only as frost cracks. No 
polygonal forms have been seen in such places. 
The writer is unable to say whether ice wedges 
develop in such sands, for the exposures made 
by fresh wave cutting are seldom more than 
2 or 3 feet deep, which is less than the depth 
reached by the summer's thawing of sand. 

BATE OF GROWTH OF ICE WEDGES. 

Fresh ice-filled cracks 8 to 10 millimeters 
wide have been observed in the ground imme- 
diately above the ice wedges. This may be 
put as the maximum width of the crack. Open 
cracks about 5 millimeters wide have been 
found in the ice itself near the upper surface. 
The width, of course, diminishes downward. 
If 5 millimeters is assumed as the width at 
the top it would require only 600 years to 
build up a wed^e 8 meters wide, which is about 
the maximum width seen in the region. If 
the cracks do not all open every winter this 



period must be multiplied by some factor. 
The writer frequently observed open cracks 
during the early years of his residence in Arc- 
tic Alaska, but as he did not realize their bear- 
ing he did not keep any record of their abun- 
dance. 

About 1,000 years seems to be the age of 
the largest wedges. Unless some unknown 
cause prevents a greater growth, the tempera- 
ture could not have been sufficiently low to 
bring them into existence at an earlier date or 
else the coastal plain has not been elevated 
above sea level for a longer period. 

It would be well worth while to endeavor to 
measure the actual rate of growth of ice 
wedges over a series of years. In this way 
considerable insight as to the age of existing 
wedges might be gained. By measuring 
wedges of different sizes some law might be 
found by which the rate of growth could be 
extrapolated beyond the limit of size found 
in the locality. If the frost-crack theory is 
found to apply in areas where the wedges are 
more greatly developed than in Alaska a fairly 
definite time limit could be set for the exist- 
ence of the Alaskan coastal plain above sea 
level. In areas of greater development a 
minimum might be set to the duration of the 
cold climate which was the cause of their 
development. 

A series of posts in pairs might be set well 
into the ground on both sides of the ice wedge. 
Careful measurements made over a period of 
years would show any growth of the wedge. 
Any irregularities from possible disturbances 
of the posts would be eliminated by having a 
sufficient number of pairs of posts. 

UPWABD bulge of SUEFAOE of GBOirVD. 

If we assume that the elevated blocks are 
bulged up by the growing ice, the amount of 
general elevation of the surface of the tundra 
can readily be calculated. If 20 per cent is 
taken for the surface compression of the block, 
as has been done for the north shore of Alaska, 
the average compression will be 10 per cent. 
An average block 11 meters in diameter will 
be compressed horizontally 1.1 meters to an 
assumed depth of 8 to 10 meters. This will 
cause an increase in a vertical direction of 
about 1 meter. 
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In the depressed blocks the adiustment is 
concentrated into the surrounding ridges, and 
the conditions are different. The depressions 
are being continually filled with growing vege- 
tation, as well as by wind-blown material. In 
this way a much greater general elevation of 
the surface of the tundra is possible. 

m.TIUATE STAGES OF GROWTH OF ICE WEDGE. 

It seems to the writer that the wedges should 
bulge up the inclosed polygonal block more 
and more as they encroach upon it, so that a 
stage would be reached where a central mound 
of earth would rise above the surface of the 
block, which is generally underlain by ice. 
The earth block should now be pyramidal, with 
the apex pointing upward, and the wedges of 
ice should be in contact along the greater part 
of their upper edges. A perpendicular section 
through the middle of the inclusion of earth 
would show a section of a pyramid, but one 
which was taken eccentrically through the in- 
clusion would invariably show earth overlain 
by ice. In this way the inclusions of earth 
overlain by ice which appear in the photo- 
graphs in Von ToU's work (Pis. XXXII, 
XXXIII, XXXIV) might find an explana- 
tion, but the fact that some of the inclusions 
are apparently cylindrical is hard to reconcile 
with the writer's understanding of the theory. 

As the wedges grow into contact along their 
upper edges, the deformatory pressure of the 
summer's expansion of the ground is supported 
more and more by the ice itself, until at last 
the included earth is in such subordinate 
amount that new conditions are set up. That 
the annual fissuring of the ground must go on 
even after it is chiefly underlain by ice is shown 
by the numerous contraction fissures in all 
ice covering bodies of water, though it is not 
certain that the original polygonal network of 
fissures would be maintained. If these fissures 
are filled with new ice the old ice must either 
be bulged up or caused to flow horizontally, 
unless the compression can be absorbed by the 
elasticity of the ice. It is possible that the 
pressure might melt enough of the ice to re- 
lieve the strain, but because of the low temper- 
ature of the ground and the plasticity of ice 
under strains, it is more likely that it will be 
deformed. 



Consequently, if bodily flowage is not pos- 
sible, the surface of the ice must gradually 
bulge upward, of course carrying its protect- 
ing mantle with it. The great thickness of 
the New Siberian ice may be thus explained, 
if it is to come under the frost-crack theory. 

The conditions seen by the writer in Alaska 
are widely different from those described in 
Siberia. He does not maintain that the 
ground ice of both localities can be explained 
by the same theory, but as no other theory ex- 
plains all the facts in the Siberian field the 
frost-crack theory may be entertained as a 
working hypothesis. Detailed study is neces- 
sary to show the intermediate stages. If they 
are found, the theory can be expanded so as 
to fit them. 

If the ice of New Siberia is to be accounted 
for under this theory, the surface must have 
grown upward many feet. If 30 feet is as- 
sumed as the depth to which the fissures are 
opened by the annual changes in temperature, 
then the ice under discussion, which is at least 
60 feet thick, must have increased 30 feet in 
thickness by upward growth. 

MISCELLANEOUS FORMS OF GROUND ICE. 

In many places along the coast there are ex- 
posures of a mixture of nearly equal amounts 
of clay and ice granules. The ice granules are 
clear and from one-half to three-quarters of 
an inch in diameter. There are also horizon- 
tal patches of clear ice an inch thick and 4 or 
5 inches long. The clay granules are about the 
same size as the ice granules. They are 
roughly concentrated into horizontal rows, and 
this arrangement, with the intervening ribbons 
of clear ice, gives a stratified appearance to 
the formation. The clear ice in many places 
has fine vertical lines of air bubbles, which 
suggests a prismatic structure. Figure 16 (p. 
207) illustrates an exposure of this ice. The 
clay granules shown in the illustration have 
rootlets in them, but elsewhere they are of a 
slimy clay similar to that found on the bottoms 
of shallow ponds. 

The origin of this ice is not clear. Concen- 
tration out of saturated earth, as described by 
Hesselmann,^ seems the best hypothesis. It is 

^ Holmsen, Gunnar. Spitzbergens Jordbundsls : Norske Geog. 
Selskaps Aarbok, vol. 24, p. 42, 1912-13. 
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possible that the granules might increase in 
size in the manner suggested by Chamberlin* 
for glacial ice. 

Another minor form of ground ice is found 
in ribbons or thin sheets of clear ice alternating 
with layers of earth. Only one actual exposure 
was observed by the writer, but as the details of 
such an exposure would be quickly masked by 
melting it is possible that this form is fairly 
conmion. In figure 22 (p. 208) parallel curved 
lines are drawn to indicate such ribbons of ice, 
which in the place sketched were 3 to 6 milli- 
meters thick. In July, 1914, when the sketch 
was made, no ice was seen, but only the marks 
left on the surface where the ice had melted 
out. When examined during the previous 
.October, a short time after a block had broken 
off and revealed the exposure, the ice was 
seen to be clear and near the outside to con- 
tain fine lines of air bubbles running perpen- 
dicularly to the plane of the ribbon. This 
orientation still occurred where the ribbons 
were bent upward. These alternating bands 
of ice and earth occurred both in the slimy 
clay and in the muck which lay above. The 
phenomenon at first suggested conchoidal 
cleavage of the tundra under the winter's con- 
traction and subsequent filling of the cracks 
with surface water, but later insight into the 
working of frost wedges forced the abandon- 
ment of this hypothesis. In the clearness of 
the ribbons as well as in the apparent pris- 
matic structure, it is very different froip the 
finely granular and air-filled ice of the wedges. 
There was no way to determine whether the 
ice and earth bands had been horizontal at 
first and had been disturbed afterward or had 
been formed in their present attitude. 

This same kind of ice has been noted bv 
Quackenbush at Eschscholtz Bay, by Holmsen 
in Spitzbergen, and by several of the Siberian 
observers. The presence of thin bands of ice, 
which increased in amount tow^ard the bottom 
of the Schergin shaft, is mentioned by Midden- 
dorff. 

The writer is at a loss to explain this banded 
form of ice, where it has evidently been formed 
after the ground formations had been depos- 
ited. There are objections to the hypothesis 
that the ice has concentrated out of the mois- 



* Chamberlin. T. C. and Salisbury, R. D., Geology, 2d ed., 
vol. 1, pp. 309-310, 19t>5. 



ture in the freezing ground; the same objec- 
tions are raised against Lieut. Belcher's hypoth- 
esis as elaborated by Holmsen. (See p. 229.) 
Nor does it seem possible that small fractures 
in the frozen ground, caused by gradual con- 
tractions as the increasing cold penetrated 
downward, could have become filled with wa- 
ter. The ground circulation would have been 
previously shut off by the freezing. 

It may be that in the readjustment of the 
polygonal blocks, owing to the pressure of the 
growing ice wedges, conchoidal fractures are 
formed in the frozen ground. These spaces 
may be filled with surface water, but it is dif- 
ficult to explain the solidity and clearness of 
the ice in comparison with the ice in the 
wedges, which is whitish. 

The only notable exposure of ground ice 
upon the coast that did not show ice in the 
form of wedges was examined in July, 1912, 
before the writer had worked out this theory. 
The exposure is 3 or 4 miles east of Collinson 
Point, at a place where the ocean is cutting .a 
40-foot bank into the gentle seaward slope of 
the Anaktuvuk Plateau. In many respects 
this exposure resembles some of the exposures 
described by Quackenbush at Eschscholtz 
Bav. 

This exposure was in a crescentic slump 
scarp which show^ed about 100 feet of ice that 
had a maximum vertical thickness of 7 feet. 
The upper surface of the ice was parallel with 
the surface of the ground and lay about 18 
inches below it. The hillside here sloped about 
15°. Immediately over the ice was an appar- 
ently undisturbed layer of yellow and black 
clays in thin alternating beds. Over this was 
about a foot of turf mingled with clay, which 
was slumping down over the lower clay and ice. 
The ice immediately below the soil had a per- 
pendicular face, but 3 or 4 feet lower the slope 
decreased until one could stand upon the sur- 
face of the exposure. On this floor mud and 
blocks of turf had lodged, so that the lower 
part of the ice was concealed. 

Where the ice was clean on the outside it was 
unusually clear and blue. The greater part 
was nearly free from air bubbles. In many 
places a network of lines over its surface showed 
that its structure was granular. The average 
siz6 of the granules was 10 to 20 millimeters, a 
larger size than that of those in other ex-> 
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posures, where later investigations have shown 
the ice to be in the form of wedges. A block 
of this clear ice that was left in the shade for a 
few hours disintegrated into small fragments. 
Where the nearly horizontal foot of the ex- 
posure could be seen it was crisscrossed with 
many closely spaced straight lines, which were 
perhaps the locations of as many fractures. In 
one place there was a roughly V-shaped mass 
of discolored ice, which contained many verti- 
cally elongated air bubbles. Close inspection 
showed this discolored ice to be in part com- 
posed of thin alternating bands of clear and 
yellowish ice, which curved parallel to the line 
of demarcation between it and the body of the 
exposure, much as if it had been frozen while 
flowing down the side of a depression in the 
clear ice. Several irregular masses of clay were 
inclosed in the main body of the ice, as is shown 
in figure 27. - 
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FiouBE 27. — Exposure and section of ground ice near CoUlnson Point 

view ; B, profile. 

As no glaciers came down to the coast in this 
neighborhood, and as no boulders of the Flax- 
man formation are found within several miles, 
this ice is probably not glacial. A recent slump 
could hardly have buried a snowdrift under a 
former steep bank, for the size of the granules 
points to a great age for the ice. Still the in- 
closed masses of clay, the granulation, and the 
locality make a buried snowdrift the probable 
source of this ice. 

Very little ground ice was seen inland, prob- 
ably because no search was made in favorable 
localities. In winter the snow obscured most 
of the river banks, and in simimer the packing 
routes usually lay along the tops of the banks. 
On Canning River, near the end of the Shub- 
lik Mountains, a fresh cut against a 12-foot 
flat showed 4 to 5 feet of clear ice overlain by 
6 inches of gravel and as much muck and moss. 
Small willows were growing at the top. The 
ice was definitely prismatic and in no way 



could it be told from the needle-shaped crys- 
tals of river ice over which the observer had 
been recently walking. This ice seems clearly 
to be aufeis that has been buried by gravels. 

Much ice was observed in the 4 to 6 foot 
banks of the flat between the two distribu- 
taries of the same river. The ice lay far back 
under the overhanging turf, so that its struc- 
ture could not be made out from the canoe in 
which the observer was traveling. 

On the east bank of the east mouth of Bji- 
takturuk Biver, about a mile from the coast, 
were two exposures of ground ice, each about 
50 feet long. They lay under gentle dome- 
like elevations which rose 3 or 4 feet above the 
general delta level. One of these exposures, 
when carefully examined, showed about 3 feet , 
of ice under 1 to 1^ feet of turf. Where the 
exposure was quite fresh the ice was solid, 
blue, and very clear. Where weathered, it 

was white and showed a 
vertical prismatic struc- 
ture. Individual crystals 
could be traced for 12 to 
18 inches, and by running 
the point of a knife along 
the surface of the expo- 
sure a mass of needles 
8 inches long and three- 
A. Front quarters of an inch in di- 
ameter could be stripped 
off. These domes can hardly be remnants of 
a former generally higher level of the delta 
flat. No gravels or sand were seen above the 
ice but only turf. The burial of flood ice 
by wash inaterial is excluded, for the river 
here is transporting material as large as small 
cobblestones. The most probable hypothesis 
is that these domed exposures of ice were 
formed where hydraulic pressure had bulged 
up the frozen turf. Water then solidified in 
the cavity. According to Tyrrell, horizon- 
tal sheets of ice of great extent are thus 
formed. 




REVIEW OF THE LXTEBATTTBE OH GBOinn) ICS. 

The wide distribution of ground ice in polar 
and subpolar regions makes it desirable that 
the extensive but widely scattered literature 
on its occurrence be made conveniently acces- 
sible to geologists. It is for this reason that 
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the following annotated r6sum6 is presented. 
In its preparation extensive use has been made 
of the publication of Mr. Gunnar Holmsen, to 
which reference has been made. 



SIBERIA. 



ADAMS. 



M. F. Adams ^ is credited with having given 
the first intelligent description of ground ice, 
which he saw in the Lena delta in 1806 while 
investigating a mammoth skeleton that had 
been reported by the natives. At this place 
there was an escarpment 3 versts long and 30 
to 40 fathoms high. The substance was a pure, 
clear ice of a piquant taste. It was covered to 
a thickness of a third of a met^r with moss 
and friable earth. Great masses of earth be- 
came detached from the hill. This earth 
formed wedges (coins) which sank down be- 
tween the masses of ice (glagons). The mam- 
moth remains were found in the earth wedges 
between the ice masses. 

nOTTBIK. 

Figurin^ in 1823 describes ice layers and 
veins which cut across the exposures in differ- 
ent directions. The ice had a turbid aspect 
and was mixed with loam. Figurin is cred- 
ited by Middendorff with having first men- 
tioned the audible cracking of the ground in 
winter. 

lODDEHDOBFF. 

Middendorff, whose observations in Siberia 
during the years 1844^1846 have been pub- 
lished at some length, gives only a few descrip- 
tions of ground ice. The writer has not at- 
tempted to go through the whole work but has 
confined himself to verifying the references 
given in later literature. 

In the Schergin shaft at Yakutsk, at a depth 
of 104 feet, lay 280 feet of clay and sand, which 
were crossed with thin layers of ice whose 
thickness ranged from 1.5 ihillimeters to that 
of a sheet of paper. These thin layers were 
almost invariably intrusive between the fine 

^Tileslus, W. G., Acad. Scl. St-P^tersbourg M4m., vol. 5, 
pp. 406-465, 1815. 

*Toll, Eduard von, Acad. Sd. Bt.-P6ter8t>oiirg M4m., Tth 
•er., VOL 42, No. 13, p. 20, 1895. 



wavy layers of the rock itself, and only a few 
of them filled fine fissures which cut each layer 
of earth perpendicularly. The ice layers in- 
creased in amount toward the bottom of the 
shaft and formed planes of weakness, so that 
the ground was easy to excavate. 

Above this deposit there were a couple of 
thin beds of limestone, as well as a heavy bed 
of sandstone, which contained iron pyrite and 
lignite (Braunkohle). In the ice-bearing de- 
posit itself were layers of limestone and sand- 
stone of different thicknesses, as well as pyrite 
and bituminous wood.' 

The cracking open of the ground under the 
action of the frost is reported by Figurin, and 
Middendorff quotes him as relating that in 
northern Siberia the earth often breaks open 
with a terrific report on account of the frost, 
to such a degree that in the middle of the 
winter lakes found outlets through the fissures. 
Wrangell is also cited as describing a similar 
occurrence. Middendorff visited the locality 
described by Wrangell and came to the conclu- 
sion that the appearance and disappearance of 
lakes were frequent and that they were 
brought about by other causes. Furrows were 
frequently seen upon the tundra in the sum- 
mer, and many of them could be followed for 
the distance of a verst. The furrows were 4 
to 6 inches wide, and shallow. These furrows, 
which occur on lower as well as on higher 
parts of the tundra, cut each other in different 
directions, forming irregular figures, which 
are mostly small. The largest block measured 
114 paces in circumference. 

Finally I add yet another to the just-described phe* 
nomena, whose origin remains entirely a mystery 
to me. One of the moss islands in the lower course 
of the upper Taimyr River ♦ ♦ ♦ was covered 
with pond a These formed here regular elongated 
quadrilaterals, 25 paces wide and 40 paces long, with 
a depth of only 2 feet. They were separated from 
one another by low, broad ridges 3 paces wide, 
through whose middle ran a furrow from a span to 
a foot wide, of the kind we have describe<l above.* 

MiddendorflPs chief contribution to the 
theory of ground ice is his description of the 
aufeis of the Siberian rivers. This ice, which 
is more fully described under the heading 

s Middendorff, A. T. von. Sibirische Belse, Band 1, Thell 1, 
pp. 97-98, 1848. 

« Idem, Band 4, TheU 1, pp. 604-506, 1869. 
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"Cenozoic deposits" {p. 158), is formed in the ' 
followiDg way : In the winter the rivers tend to 
freeze solid at their shoals, so that the flow is 
impeded. The water bursts out of the ice 
from the hydraulic pressure and floods over 
the surface, where it freezes. The process 
may go on all winter, so that a lieavy deposit 
of ice may be built up over the whole flood 
plain of the river. Such a deposit is men- 
tioned as extending several miles along a river. 




The width was in places half a mile, and the 
ice extended over the banks and into the forest 
on either side. Some thin beds of sand or 
gravel were incorporated in the ice, adding to 
the stratified appearance seen in the alter- 
nating bands of white and blue ice, which 
marked successive deposits of snow in the 
growing bed of aufeis. That this kind of ice 
is common in Siberia is attested by many ob- 
servers. 

If such a deposit of aufeis were covered by 
a protective mantle of sediment during the 
spring floods it would remain as ground ice 
until cut awiiy by the meandering of the river.' 
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ICATDEU. 

Maydell in 1871 made valuable obser\'ations 
upon the ground ice in Siberia. His notebooks 
were turned over to Toll, who pnblislied ex- 
tracts from them.* 

No. 4- — A cellar was dug in a bank at Cho- 
mos-Urach. The earth was unfrozen for a 
depth of 14 inches, then came 5 inches of 
frozen ground, and then about 15 feet of solid, 
white ice, like a vein. The ice was pure white 
but not transparent be- 
cause it was full of 
countless air bubbles 
which were arranged 
in vertical rows. The 
rows were so close to- 
gether and the bubbles 
90 smalt that they bad 
the appearance o f 
cracks running through 
the ice. 

No, 5.— At Schan- 
dran a considerable 
amount of ice came 
into view. The great- 
est visible thickness of 
the ice was 26 feet. It 
was overlain by sod and 
clay to a thickness of 
82 inches. The upper 
surface of the ice was 
parallel to the surface 
of the ground. In the ice wall there were 
inclusions of earth, mostly in the form of 
vertical cylinders, the largest 10 feet in 
diameter. Some of (he cylinders shown in 
the illustrations (figs. 28 and 29) are wider 
at the top and others at the bottom. Some 
of them were seen to be surrounded by ice, 
and others were found to be so by dig- 
ging a pit behind them. It seemed as if 
there were shafts in the ice masses into which 
the earth had entered as into a pot. Some of 
these inclusions ran the whole vertical length 
of the profile, but others ended a few feet be- 
low the surface of the ice. The earth of the 
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inclusion is stratified in regular horizontal 
layers as in a connected series of beds. 

The ice is somewhat yellow and is filled with 
air bubbles as well as very fine cracks, many 
of which carry clay layers as thick as a sheet 
of paper. The ice wall melts back into pots 




FiouRE 30. — Exposure of ground ice at Schandran* after 
MaydelL Inclusions of earth extetod into the side of an 
ice wedge. 

of semicircular form, out of whose bottom rise 
pyramids formed from the vertical inclusions 
of earth (fig. 29). 

In figure 30 is shown a wedge of ice which 
has horizontal inclusions of earth. 

LOPATIV. 

Lopatin^ saw in 1867-68, in latitude 68°, 
on the shore of the ocean north of Siberia, an 
ice formation 7 feet thick, consisting of a mix- 
ture of ice fragments, water-soaked snow, and 
sand, which melted only after five months. 
In a locality where the temperature was lower 
such ice beds should last an entire year or even 
centuries, and ground ice might be thus formed. 

Lopatin also describes ice veins which have 
been formed by the freezing of water in fis- 
sures. The size of these ice masses may range 
from the diameter of the finest capillary to 7 
feet. The length may be 23 feet. 

K0&DEKSKJ6LD. 

Nordenskjold,^ about 1878, while on the 
Vega^ noticed that the fresh water which 
floated on the surface of the ocean near river 
mouths would freeze if carried down into the 

^ Toll, Eduard von, op. clt, p. 81. 
* Idem, p. 69. 



cold salt water below. He advanced the the- 
ory that the river-borne mud and sand, by sink- 
iiig, might thus carry down fresh water, which 
would freeze and form ground ice under the 
ocean. This ice would be later covered by mud 
during the spring floods and protected. 

TOLL. 

To Baron von Toll we are indebted not only 
for some of the most important observations 
upon the Siberian ground ice but also for a 
summary of the earlier literature. His field 
of investigation covered much of the Siberian 
mainland and extended to the islands of the 
Arctic Ocean, where ground ice attains its 
greatest recorded development. 

At Bor-Urach Eiver, in Siberia, Toll dug 
seven holes in the tundra, and ii;i all of them 
found ice about a meter below the surface. In 
the last hole he measured the following sec- 
tion: 

flection in hole dug in tundra at Bor-Urach River, 

Siberia. 

Meters. 

1. Thawe4 ground 0. S-0. 4 

2. Alternating layers of ice (3 centimeters 

thick) and clay (5 centimeters thick).. 1. 

3. Clean-bedded ice (0.2 meter thick), partly 

with sloping layers, and an inclusion (0.5 
meter thick) of alternating clay and Ice 
beds . 7 

4. C!lean, horizontally bedded ice 8.3 

5. An inclusion of stones. 

6. Horizontally bedded ice 3. 5 

A meter under No. 6 there was a cone of 
cobblestones inclosed in ice. After digging 2.5 
meters into this cone the work was stopped, at 
a total depth of about 15 meters. The shaft 
reached 8.5 meters below the level of the sur- 
face of the stream and 5 meters below that of 
the river bottom. 

As ice was found about 1 meter below the 
surface in all seven holes, the whole area is 
considered to be underlain bv ice, as a " stone- 
ice" hill. The ice-cemented cobblestones at 
the bottom are in the bed of the river. The 
area was flooded by the aufeis described by 
Middendorff. The inclusions of gravel and 
clay are explained as successive out wash upon 
the growing bed of aufeis. 

As a support to the theory that the ice in 
this locality is composed of aufeis, Toll refers 
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to the profile of the opposite bank of the river, 
where he saw about half a meter of ice under 
a meter of ground. This ice was homogeneous' 
and whitish and was crossed with perpendicu- 
larly arranged air bubbles, which gave it a 
striped appearance. The air bubbles were 
held to point to a snow origin, which is to be 
expected in beds of aufeis.^ 

The ice of the New Siberian Islands was ex- 
amined in 1886 by Toll in May and by Bunge 
in June. Toll thus describes the Great Liakof 
Islands.2 (See Pis. XXXII, XXXIII, and 
XXXIV.) 

In the steep coast, consisting of Quaternary beds, 
I could distinguish here and there a connected lower 
horizon of stone ice, and also an uninterrupted upper 
horizon of layers of clay, sand, and peat. ♦ ♦ ♦ 
Near Cape Tolstoi, a lower gray-green ice horizon 
can be followed for a distance of several versts along 
the coast. The Ice bed reaches into the overlying clay 
beds in broad, low pillars, similar to blocks ; or, on the 
contrary, part of the upper horizon penetrates into the 
lower ice horizon, as loam masses 10 feet wide and 
15 to 70 feet high, according to the height of the ice 
wall. In the loam beds are alternating thin bands of 
Ice and loam. The mammoth remains were found by 
the guide, embedded in a loam-filled depression, sur- 
rounded on both sides by Ice. The similarity to the 
description of Adams is striking. 

The color of the ice wall is a gray green, but in 
hand specimens the Ice is entirely transparent and 
colorless. It contains closely scattered air bubbles 
1 to 2 millimeters in diameter. No bedding was here 
apparent. ♦ ♦ ♦ The bank showed yet another 
instructive phenomenon. The covering of the ice was 
here crossed by some fissures a few centimeters wide 
which reached down into the "stone ice.'* The fis- 
sures were filled with a mixture of clay and ice 
♦ ♦ ♦ which was easy to distinguish from the pri- 
mary ice by Its color and structure. The impossi- 
bility of these small fissures filled with Impure ice as 
the origin of the entire mass of "stone ice" is 
apparent 

Toll says that there is no doubt that the ice 
is the older formation and that the dark stripes 
of earth are younger intrusions. Four stages 
of formation are postulated. (1) A broad ice 
layer (formed from snow) covered the 
whole island with the exception of the moun- 
tains. This ice layer was torn apart and fis- 
sured, or crossed by small cracks. (2) These 
fissures and canals were filled with thin ice, clay, 
and sand layers, or they were closed again 
after being partly filled. (3) Sediment was 

*Toll, Eduard von, op. clt, pp. 40-48. 
*Idem, pp. 61 et seq. 



laid down over the ice. (4) This sediment was 
covered by the present vegetation** 

Toll found in the frozen sandy clay beds, 
under the peaty surface layers, specimens of 
Alrvus fnUicosOj consisting of the whole trunk 
and roots to a length of 15 to 20 feet. The 
bark was intact. He says : 

This find makes it evident that here on the Great 
Liakof Island, at 74** latitude, a vegetation flourished 
temporarily, which to-day reaches its northern limit 
4** to the south on the mainland, and that the remains 
could in no manner have been floated from a distance 
but grew here in the very place.* 

Toll thus describes the structure of the ice ef 
Kotelni Island: 

The Ice was almost structureless In new exposures, 

♦ ♦ ♦ ♦ but when the sun shone upon the wall 
the halrllke lines became noticeable. A few hours 
later the single grains could be differentiated. The 
ice showed that it was constituted of fragments that 
were prismatic and irregularly joined together but 
firmly attached. ♦ ♦ ♦ Some granules were pris- 
matic ; others were flattened on the sides and pointed 
at the end, or more or less compressed cubic granules. 

♦ ♦ ♦ The largest granules measured 10 by 5 mU- 
Umeters. 

After giving the observations of Emden 
upon the prismatic structure of water ice. Toll 

says :" 

If we should postulate frozen lakes for the fossU ice 
of the Islands, then we must, as just mentioned, find 
Ice prisms of considerable length and not the granules 
described by me. Ice prisms, however, were certainly 
seen in the fossil aufels formation ♦ ♦ ♦ at Bor- 
Urach. ♦ ♦ ♦ 

Perhaps the question might be raised whether pond 
Ice might not In the course of time, by the pressure of 
frost, become uncry stall ized in such a manner as to 
take on the observed structure of fossil ice. 

Toll then quotes Emden, Heim, and Dry- 
galski as to the size of granules, which are 
shown to vary according to the temperature 
and position. The granules of firn ice are 
smaller than those of true glacier ice, and the 
granules of glaciers in cold climates are smaller 
than those in warmer regions. He says : 

At all events the Intense cold of Arctic Siberia must 
have restrained the growth of the granules. We see 
then that the structure of the New Siberian Quater- 
nary ice beds speaks for their origin from snow beds 
and strongly against the acceptance of a wattf forma- 
tion. The whole region was covered with an ice layer. 
This ice cover, cut up by brooks of melted ice, ♦ ♦ • 

'Idem, p. 59. 
* Idem, p. '60. 
'Idem, pp. 62 et teo^ 
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remained so long, in consequence of a temperature 
constuntly below 0* C, that it was covered with ter- 
restrial and lacustrine formations through the action 
of wind and water, and then, during a climate which 
constantly grew colder, it was able to last until to-day 
as a witness of a time which is older than the period 
of the great Siberian mammals. 

In conclusion, Toll makes the following 
statements : 

1. There are different types of ice in the frozen 
ground of Siberia, (a) Modern formations — ice in 
fissures, veins, and thin layers, as water and snow ice. 
(5) Quaternary and perhaps recent ice, as remains of 
aufeis formations in river valleys, (c) Quaternary 
Ice of the type of the New Siberian Islands, a remnant 
of earlier glaciation. 

2. The mammoth remains are not in the ice, but In 
the frozen clay and sand layers, though often over- 
lying fossil ice masses.^ 

During the years 1900-1902 Toll again vis- 
ited the New Siberian Islands, where he lost 
his life. In the narrative published by Baron- 
ess von Toll the writer has not been able to 
find much of importance bearing on this mat- 
ter. Toll seems to be more strongly than ever 
of the opinion that the ground ice is a remnant 
of the glacial epoch. He mentions finding a 
ground moraine under the ground ice.* He 
finds that the ice cliffs have in places retreated 
several hundred fathoms during the nine years 
since his former visit.' Baidscharachs, cone- 
like earth hills which fringe the base of a melt- 
ing ice cliff (PL XXXIV), are the remains of 
frozen loam and sand masses in the ground ice.^ 
Their sharp-pointed appearance is due to two 
factors — ^their loesslike composition and their 
frozen state. 

During post -Tertiary time North Siberia 
was covered with ice as Greenland is to-day. 
The modern ground ice is a remnant of the old 
glacier. As the post-Tertiary remains are 
never found in the ice itself, but in the earth by 
which the ice is covered, tliis fauna must have 
first entered the country after the climate had 
become so mild that the limit of growth of 
various forms of vegetation was several degrees 
farther north than now.* 

* Toll, Eduard von, op. clt., p. 86. 

*Toll, Baroness von, Die russische Polarfahrt der Sarin, 
p. 411, 1909. 
*Idem, p. 481. 
«Idem, pp. 534-635. 
*Idem, p. 602. 



BTTirOE. 

In his journey to Cape Bykof, in the Lena 
Delta, in 1883, Bunge made a few observations 
upon ground ice. He later presented a theory 
of its formation in frost cracks. He says:* 

When one steps upon the tundra almost anywhere 
in the delta, it appears divided into countless irregu* 
lar polygons of differing size, whose edges are higher 
than the middle. Between the edges of two such 
polygons, a small furrow is found, which is used as 
a pathway by lemming. ♦ ♦ ♦ These furrows cor- 
respond to a fissure which reaches deep into the earth 
and is filled with ice. The fissure will become wider 
through flowing and freezing water. During high 
water and generally during the whole summer the 
banks break down in great blocks, corresponding to 
the above-described polygons ♦ ♦ ♦ Besides these 
broad, easily noticed fissures on the surface the whole 
ground is crossed by small fissures which are filled 
with clear ice. In our excavations ♦ ♦ ♦ we con- 
tinually met such ice veins, and the loud reports in 
the ground, especially in the increasing cold of the 
faU, testifies that the forming of fissures goes on con- 
tinoaUy. 

In examining another exposure he says that 
at the first glance it seemed as if the blocks 
consisted entirely of ice, indeed as if the upper 
earth layers of the island rested upon a foun- 
dation of ice. It was not hard to convince 
himself that the ice here also originated 
through fissure formation.^ In another local- 
ity the greater part of the bank was covered 
(bedeckt) with ice; only here and there the 
earth showed, and it was stratified. The first 
impression was that the ice was a part of the 
ground and that the ice masses were embedded 
in the earth. The conclusion was soon reached, 
however, that the ice was only a secondary 
deposit from the gathering of water in the 
fissures where it freezes. When a big mass of 
earth breaks off, which is assisted by the for- 
mation of the ice in the fissure, the ice comes 
to light. The grounds for this conclusion are 
stated as follows :® 

Nowhere where the earth and ice are In contact can 
one see an overlapping of the earth upon the ice; 
always the opposite. On the borders of an ice sur- 
face one succeeds with less labor in reaching to the 
earth ; in the middle we did not succeetl, although we 

* Bunge, Alexander von. Acad. Sci. St.-P^terabourg BulL, 
vol. 29, pp. 444-445, 1884. 
^ Idem, p. 454. 
•Idem, p. 460. 
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worked hard and dug a hole more than 2 feet deep. 
♦ ♦ ♦ Further, If the ice masses were bedded, we 
should think them to have come about from accu- 
mulated snow messes. These must show a horizontal 
bedding, ♦ ♦ ♦ but nowhere is a horizontal bed- 
ding yisible. 

With, respect to the ground ice of Great 
Liakof Island, which he visited in June, 1886, 
Bunge says that the ice walls reach a height 
of 72 feet, much larger than he had observed 
on the mainland. The ice is turbid and con- 
tains many air bubbles and earthy intrusions. 
He sees no reason to depart from his theory of 
frost-crack fillings previously advanced in his 
description of the Cape Bykof region in 1883. 
Besides the great ice beds, thin horizontal 
layers of ice are found between the horizontal 
earth strata.* 

Bunge's first statement of his theory in a 
letter from the field to the Academy of 
Sciences at Petrograd has been given above. 
As there stated it is lacking in detail as well 
as in clearness, yet anyone who was actually 
engaged in the study of the question in the 
field should have comprehended him. He 
brings out the fact that the ice grows in fis- 
sures which ciit the ground into polygonal 
blocks. 

Twenty years later- he gives a much better 
statement ojf the theory, which is quoted 
below : ^ 

When in the autumn the cold increases one hears 
in the northern tundra of Siberia frequent loud 
cracks apd reports within the earth, like shots under 
the surface of the earth; the deeper the cold now 
penetrates the earth the more distant and deeper 
appear these reports and call to mind a distant can- 
nonade. There is no doubt that these detonations 
are brought about by the formations of crevices and 
fissures, which in their turn arise through the con- 
traction of the ground as a result of the cold. 

These fissures, always advancing farther, reach to 
considerable depths. Such fissures and crevices we 
meet everywhere in earthworks, where they are 
always filled with clear ice. After this the melting of 
the snow about the middle of June takes place very 
rapidly, so that ponds of snow water are formed in the 
tundra. The temperature of the water in these pools 
reaches a scarcely believable height. For example, 
I found ♦ ♦ ♦ on the 16th of June (old style) 
under an air temperature of -f 10* C, in a super- 
ficial pool, +16*' C. even 17.5** C, although the pool 



* Bunge, Al( xander von, Acad. Sci. St.-P«^ter8bourg Bull., 
vol. 29. p. 252. 1884. 

' Bunge. Alexander von. Russ. k. mineral. Gesell. Verb., 2d 
ser., Band 40, pp. 205-209. 1902. 



was constantly being fed with infiowlng snow water. 
This high temperature Is naturally to be ascribed 
exclusively to the action of the sun, although the 
thickness of the thawed earth on the bottom of the 
pool did not amount to more than a centimeter. The 
water warmed in this way now flows in very con- 
siderable amount into the fissures in the ground, of 
which we may immeiliately convince ourselves. 

♦ ♦ ♦ The water, owing to its comparatively high 
temperature, reaches the greatest depth of the fis- 
sures and freezes rather quickly there In the strongly 
cooled ground. In the moment of freezing it natu- 
rally expands very strongly and an enormous pres- 
sure comes about, which presses apart the walls of 
the fissure. Through this pressure the originally 
horizontally deposited loam and humus layer becomes 
influenced to such a degree that folds are formed. 

♦ ♦ ♦ With the gradual cooling the ice naturally 
contracts again, and in consequence of this a new 
crack Is formed between the Ice and the walls of the 
fissure, Into which water again flows, and this process 
can continue for a long time. It follows from what 
has just been said that the walls of the fissure are 
most strongly pressed apart at the bottom and conse- 
quently the fissure will take a broadened form In the 
lower part. ♦ ♦ ♦ 

In this manner heavy bodies of Ice can accumulate, 
especially when the pressure of the Ice meets no espe- 
cial resistance from the side of the mass, as Is the 
case when the fissure runs parallel to the free wall of 
a profile. When the profile reaches the Ice layer 
(through thawing) a picture of a continual horizontal 
layer is shown, although its thickness (In a horizontal 
direction) should be only very slight. In consequence 
of the slight heat conductivity of the ice. It thaws 
much slower than the loam be<ls on either side, and 
therefore the Ice prevails In the profile by a great 
amount. 

After what has just been said, the unusual aspect 
of the tundra is at once clear to the observer; it 
appears divided throughout into polygons whose mid- 
dles He deeper than the edges. The distinct elevation 
of the edges is explained through the thickness of the 
ice which is contained In the fissures, by which the 
polygons are inclosed. Naturally, such ice is not 
always of the saipe composition with regard to its 
structure, and contains Inclusions In different degree. 
Besides, the ice formed under the Influence of enor- 
mous pressure, which exists In the bottoms of the 
fissures, is Impaired (?) In Its structure completely, 
and under no circumstances permits its origin to be 
postulated. 

The circumstance now appears clear that the ice, 
crossed throughout by small cracks and bubbles, which 
latter are arranged in vertical rows, shows that it was 
formed out of water which in freezing contained a 
large quantity of air. * ♦ ♦ i might add that two 
entirely impartial and independent observers — ^the 
Englishman Beechey, in Bering Strait, and Lopatin, 
in the Yenisei tundra, have come to an entirely identi- 
cal agreement with my view. 
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HEBZ AND T0LKAT80E0W. 

Wliile excavating a mammoth skeleton on 
the Eiver Beresovka much ground ice was seen 
in the neighborhood by Herz, the zoologist in 
charge of the work. His observations, orig- 
inally in Russian but partly translated and 
published in English, have been discussed at 
some length by Tolmatschow. According to 
Herz,* the mammoth was found on the slump 
that lay against a cliff rising 55 meters above 
the river bed. The upper strata of earth in the 
cliff, covered with a layer of moss, is 30 to 52 
centimeters thick. Beneath this layer is a 
loamy mass averaging 2 meters thick, with 
lamellar plates of ice 15 to 18 centimeters thick 
stretching through the mass. Under this allu- 
vial layer there is a vertical wall of ice, which 
stands free for a distance of 5 meters above the 
mammoth. The photographs of this bank 
show an apparently solid cliff of ice, but the 
angle from which it w^as taken is not calculated 
to bring out the details, except in the immedi- 
ate foreground. 

Herz does not give a detailed description of 
the exposure. There must have been earth 
inclusions, as the following quotation shows : * 

According to my opinion, the entire cliff region rests 
on a glacier, which was disintegrating and in which 
there were deep crevices. The water that flowed 
down ♦ ♦ ♦ from the neighboring hills, mixed 
with earth, stones, and pieces of wood, graduaUy 
filled these crevices. The whole was later covered 
with a layer of soil. 

That the ice could have resulted from burial 
of aufcis is considered by Ilerz as improbable 
when the altitude of 50 meters is considered in 
connection w^ith the size of tlie river. He adds : 

Do we not see here before us primitive or, as Baron 
Toll puts it, " stone ice," which resulted from the pre- 
vious glacial period? 

Samples of the ice around the mammoth 
were taken to Petrograd, where they were ex- 
amined by Tolmatschow.^ The ice was found 
to be granular and full of air bubbles. The 
average size of the grains was 5 to 8 milli- 
meters and the air content from 50 to 180 cu- 
bic centimeters. 

* Horz. O. F., SmithBonlan Inst. Ann. Rept. for 1003, p. 
613, IIKM. 

"Idem, p. 616. 

"Tolmatschow, I. P. von. Rurs. k. mineral. Gescll. Verb., 
2d ser., vol. 40, pp. 417-420, 1902. 



The first conclusion we may arrive at from these 
observations is that the ice just described can not 
have been formed directly from water. Ice coming 
from the surface of water — for instance, from a 
ixmd — shows a parallel increase of long-sitalked crys- 
tals whose optical axes are pen)endicular to the 
freezing surface. ♦ ♦ * When melting, such Ice 
divides into a series of irregular prisms, some deci- 
meters long. ♦ ♦ ♦ The large quantity of air of 
the ice [from the Beresovka] ♦ ♦ ♦ differenti- 
ates It from ordinary freezing of water and confirms 
its snowy nature. 

Tolmatschow evidently did not understand 
the significance of Bunge's theory any more 
than Toll did, for he states that in the case 
of the Beresovka the supposition of Bunge is 
untenable.* The preservation of aufeis is also 
excluded, from the lack of proper crystalliza- 
tion and horizontal bedding. Tolmatschow's 
opinion is that the ice from the Beresovka is 
from snowdrifts of perhaps recent formation 
and not necessarily of glacial time. The 
snowdrifts are locally protected by loam and 
not entirely melted during the summer. He 
says 
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These beds increase, come into contact, melt to- 
gether, and in a long series of years form a thick 
cover of snow. ♦ ♦ ♦ por this explanation we 
need not make any supposition about oscillation of 
climate, ♦ ♦ ♦ and we may very well suppose 
that the process is also going on In Siberia now. 

DI801788I0V OF THS SIBERIAK LITEBATUBE. 

In this paper the important contributions w 
the literature that are dated as late as 1903 
have been abstracted. The onlv work that 
was consulted of later date was Baroness von 
Toll's narrative, but the indexes of the bulle- 
tins of the Imperial Academy of Sciences of 
St. Petersburg of later dates were searched 
witliout finding any promising material. 

The evidence as to the widespread occur- 
rence of wedges of ground ice is very strong. 

1. The audible formation of frost cracks is 
mentioned by Figurin, Wrangell, Middendorff, 
and Bunge. 

2. Open frost cracks that cut the surface of 
the ground into polygons are mentioned by 
Middendorff, Toll, and Bunge. 

3. Parallel ridges that are separated by 
frost cracks and surround depressed polygonal 

* Idem, p. 435. * Idem, p. 440. 
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blocks are described by Middendorff and 
Bunge. 

4. Wedges of ice have been described by 
Adams, Figurin, and Lopatin. 

5. Numerous air bubbles that are oriented 
into vertical rows are mentioned by Maydell, 
Toll, and Bunge- 

6. Inclusions of earth, which are possibly 
the distorted remnants of ice- inclosed polyg- 
onal blocks of earth, are mentioned by May- 
dell, Toll, and Bunge and suggested by Herz. 

Adams. — Adams's description of the inclu- 
sions of earth is so vague that the relations of 
the ice and earth are uncertain. Toll gives a 
figure which shows the inclusions as wedges, 
apex downward, in a solid body of ice. As 
there is no such illustration in Adams's notes, 
it was probably drawn by Toll and not by 
Adams himself. Consequently it is not cer- 
tain which way the wedges really did point, 
although the wording favors Toll's under- 
standing. If these wedges are remnants of 
original polygonal blocks of earth which were 
gradually compressed by growing wedges of 
ice, the writer's conception of the process is 
that they would be smallest at th^^ top, for the 
growth of the wedge of ice is greatest there. 

Middendorff. — ^The thin layers of ice found 
in increasing quantity clear to the bottom of 
the Schergin shaft have an important bearing 
upon the theory of the formation of such de- 
posits. As limestone and sandstone occur 
above the beds of sand and clay in which the 
ice is found, the ice must be a secondary forma- 
tion. It could not have frozen during the 
deposition of the material. The ground frost 
also must have pentrated from the surface and 
can not be the result of the gradual burial of 
successively frozen surface deposits, as has 
been suggested for some of the Alaskan ground 
ice. 

The writer entirely agrees with Midden- 
dorff that frost-formed fissures in the ground 
are incapable of absorbing sufficient water to 
drain lakes and ponds, although it is possible 
that they might open drainage lines to neigh- 
boring depressions. The writer has seen ap- 
proximately straight cracks a couple of hun- 
dred yards in length, but nothing approach- 
ing a verst in length, although theoretically 
such lengths are possible. 



The regular rectangular ponds, separated 
by wade ridges through whose middle ran frost 
cracks, described by ^liddendorff, have also 
been observed by the writer. (See Pis, 
XXIX, 5, p. 205, and XXX, A, p. 206.) 

Maydell. — In exposure No. 4 one corner of 
the pit was free from ice, and in the rest of the 
pit the ice was pure white and full of vertical 
rows of air bubbles. This is strong evidence 
for wedge-shaped masses of ice and excludes a 
solid bed. The origin of the vein of earth 
running into the ice is not easily explained, 
but a wedge might conceivably be fractured 
by the great pressure exerted in its growth. 

Exposure No. 5 presents difficulties of inter- 
pretation, for it contained vertical cylinders of 
earth included in a solid body of ice, and 
smaller pot-shaped inclusions were sunk into 
the surface. These inclusions are horizontally 
stratified, as if they were parts of a connected 
series of beds. The illustrations show a wavy 
stratification that is not easily accounted for, 
either by original deposition or by the filling 
of a pothole in the ice. The pyramids of earth 
which lie at the foot of the thawing bank 
show that the inclusions of earth are numer- 
ous and disconnected. Instead of cylinders 
cone-shaped masses of earth should more likely 
occur. However, according to the theory, 
there should be disconnected inclusions of 
earth where the original polygonal block ex- 
isted, and such inclusions are shown in this 
exposure. The wavy stratification may be the 
result of compression. 

Figure 29 (p. 216) shows such cone-shaped 
intrusions of earth as the writer is led to ex- 
pect. 

In all these descriptions it must be kept in 
mind that an absolutely clean exposure is rare 
and that generalizations must be made. From 
Maydell's notes it seems as if parts of the ex- 
posure were concealed, yet the figures given 
by Toll show details everywhere. 

New Siberian Islands. — ^The amount of ice 
exposed in the New Siberian Islands is much 
greater than anywhere else, and any theory 
as to the formation of ground ice will be 
severely tested to account for the great ver- 
tical and horizontal exposures. There can be 
no doubt as to the vertical dimensions, for the 
illustrations of the ice cliff of Great Liakof 
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Island show that it is many times higher than 
the human figures at its base (Pis. XXXII, 
XXXIII, XXXIV, pp. 218-220). 

Here also cylindrical inclusions of earth 
reach across the whole exposure, but instead of 
potlike inclusions at the surface we have basal 
inclusions cut off above by ice. The pyram- 
idal masses of earth at the base of the cliff 
m the illustration (PI. XXXIV, p. 220) show 
that the inclusions of earth are isolated and 
somewhat symmetrically distributed. The 
color of the ice, which is transparent gray- 
green in fresh exposures, with closely spaced 
air bubbles, does not correspond to the whitish 
ice seen by the writer. The ice was not hori- 
zontally stratified. Toll casually mentions 
furrows on the surface of the tundra, but he 
does not clearly say that they cut the tundra 
into polygonal blocks.^ Bunge does not men- 
tion the surface features. 

Conditions in the New Siberian Islands, 
where a small amount of earth is included in 
banks of ice, are radically different from those 
observed by the writer in Alaska, where a 
small amount of ice is included in banks of 
earth. Great modifications in the frost-crack 
theory, as developed for the Alaskan localities, 
must therefore be made in order to fit the con- 
ditions at the New Siberian Islands. If the 
long cylinders of earth are extremely com- 
pressed polygonal blocks, the surface of the ice 
must have grown upward to keep pace with 
the vertically expanding blocks of earth. An- 
other difficulty lies in the great height of the 
ice cliffs in the New Siberian Islands, in some 
places 70 feet. 

Still, the symmetrically distributed inclu- 
sions of earth are a strong suggestion that the 
ground ice there is the result of the growth of 
ice in symmetrically arranged frost cracks. 
The question should be studied in detail on the 
ground. The north shore of Alaska shows 
only the incipient stages, but there must be 
places in Siberia where the ice wedges are 
larger than those in Alaska and yet smaller 
than those which presumably exist in the New 
Siberian Islands. The locality described by 
Maydell at New Schandran seems favorable, 
for here are larger inclusions of earth, some of 
them pyramidal. 

> Toll, Eiduard von, Beltrftge zur Kenntnlss des rassiscben 
Belches, Band 3, Fol. 3, p. 313, 1887. 



Tolls' theory, outlined on page 218, of a 
snow field buried to form the ground ice of this 
locality is entirely possible but not probable. 
The inclusions of earth are supposed to be the 
result of earth-filled cracks and fissures, yet the 
pyramidal earth mounds at the base of retreat- 
ing banks show that the inclusions of earth are 
round or polygonal. There is great difficulty in 
seeing how deep fissures could become filled 
before the naked ice walls were widened at the 
top by melting. The amount of material in the 
inclusions is significant in comparison with the 
thin veneer upon the surface of the ice. The 
lack of horizontal bedding, or even of horizon- 
tal beds of earth in the ice, is strongly unfavor- 
able to the derivation of the ice from snow in a 
region where there was sufficient transportable 
material to eventually cover the ice. 

The granular structure of the ice, as already 
shown (p. 218) , may as well indicate the wedge- 
shaped masses of ground ice as ice derived from 
snow, if indeed the short prismatic granules do 
not favor the former and exclude the latter. 

The writer leaves the origin of this ice an 
open question, but holds the opinion that the 
most favorable line of inquiry will be along 
the lines suggested under the theory of ice 
wedges. 

Herz and ToVrrustschow. — ^The samples of ice 
from the Beresovka that were collected by 
Herz and described by Tolmatschow, although 
granulated, are not decisive of anything. As 
Maddren^ has pointed out, the samples were 
collected on a slump and can in no way have 
any bearing upon the question of the true 
ground ice in the bank above. Even if col- 
lected in place in the ground ice, granulation 
does not indicate that the ice has been formed 
from snow, as has been already shown. 

Bwnge's theory. — In outline this theory is 
almost exactly the same as that which the 
writer has independently propounded for the 
ground ice of Alaska. Bunge emphasizes the 
rapid inflow and sudden freezing of the surface 
water with resultant pressure. The writer be- 
lieves that the water slowly drains into the 
cracks and that it gradually freezes against the 
cold sides until the cracks are filled up. As no 
pressure can be exerted unless the water is con- 
fined in freezing, the writer does not think that 

»Maddren, A. G.. Smithsonian Misc. Coll., vol. 49, p. 54, 
1905. 
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this pressure comes greatly into play. Even if 
the crack should be suddenly filled with water 
the freezing would probably proceed from the 
bottom upward, for the inrushing water would 
be cooled off in descending and the narrowing 
crack would contain less water to freeze in the 
lower portion. Thus Bunge's idea that the 
greatest growth would be at the lower part of 
the fissure is opposite to the writer's, that the 
growth is the greatest at the top. 

Bunge's statement that a fissure near a bank 
was a favorable locality for the growth of an 
ice wedge was unfortunate, and his citation of 
Beechey as supporting him was still more un- 
fortunate, for Beechey says that the ice in 
Eschscholtz Bay was simply a veneer against 
the face of the cliff, perhaps formed in a 
crevice in the falling bank or else was the re- 
sult of the freezing of water that flowed over 
the face of the cliff. 

Bunge shows that the parallel ridges of de- 
pressed polygonal blocks are formed by the 
pressure of the growing ice wedge, but this is 
almost the only support he gives to his theory, 
except to remark that in his excavations he 
frequently met with small (vertical?) veins 
of ice in the ground. In the areas studied by 
Bunge the ice wedges were probably in an 
advanced stage of development, so that* he 
did not see the actual wedges that are so 
striking a phenomenon in Alaska. 

Even though there is a vagueness in his 
statement and though he does not illustrate 
the theory with diagrams and photographs 
of actual exposures, it is incomprehensible that 
none of the later investigators understood 
Bunge's meaning. Before the writer developed 
the same theory he had gone over most of the 
Alaskan literature, in which were extracts 
from Bunge and others of the Siberian work- 
ers. He accepted their understanding — that 
Bunge's theory applied only to longitudinal 
fissures, especially near falling banks. It was 
only after his own theory had been published 
in the Journal of Geology that the writer 
found that Bunge had previously propounded 
practically the same theory. 

Holmsen so frequently mentions the polyg- 
onal markings of the tundra that if he were 
aware of Bunge's theory he would at once have 
anticipated the ground ice he found under 
the markings. 



Toll does not seem to have given Bunge's 
theory any thought, except to dismiss it. Tol- 
matschow excludes it, because a longitudinal 
crack could not account for a curved exposure 
of ground ice. 

NOVA ZEMBLA. 



Baer makes the following statement:^ 

In the clayey aUuvlal land of Nova Zembla • • ♦ 
I saw fissures 1 to 2 inches wide stretching in all 
directions of the compass and forming polygons with 
each other. ♦ ♦ ♦ One always finds ice -in the 
depths of the fissures, at least untU August. 

8PITZBERGEN. 
HOLKSEV. 

In the summer of 1912 Gunnar Holmsen 
studied the ground ice of Spitzbergen and pub- 
lished his observations at some length. He 
gives valuable tables of air and ground tem- 
peratures in his discussion of the distribution 
of ground ice. The report is published in Nor- 
wegian, but an English translation was avail- 
able to the writer. Below are given some of 
Holmsen's more important descriptions of ex- 
posures, as well as his theory of the formation 
of ground ice : 

The terrace surface shows divers frost phenomena 
and often " polypron marks." ♦ ♦ ♦ The upper- 
most part of the terrace is cut by cracks 2 to 3 meters 
deep, which are narrow enough so that the ice lies 
in the shade. * * * . Seen from the mountain 
above, at a great distance, the system of cracks re- 
sembles the genuine "polygon field," with polygons 
from 12 to 20 meters in diameter, and is without doubt 
the same kind of formation as I imagine the cracks 
to have come about through strong frost. • ♦ • 
Under a thick cover of slightly stratified clayey gravel 
ice is encountered. ♦ ♦ ♦ 

In the frozen terraces it has been my fortune 
* ♦ ♦ to see ice in all the places where J have 
looked for it in reasonably new cuts. ♦ ♦ ♦ 

Exposure No. 2. — The ice was exposed In a profile 
of 10.42 meters. ♦ ♦ ♦ Lowest down a small ice 
wall was chopped out, whereby one could see that 
the ice was bedded and contained a clay bed about 5 
centimeters thick. The beds slanted out from the 
valley side, apparently parallel to the terrace surface. 
Outside of the clay bed the ice was so clean that it 
could be melted for drinking water. Over the Ice 
lay a clay bed without stones 62 centimeters thick. 



^ Baer. K. E. von. Expedition & Novala ZemliA et en Lap- 
I ponle : Acad. Sci. St.-P6ter8bourg Bull., vol. 10, p. 274, 1860. 
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♦ * ♦ The next day the hewn-out Ice wall showed I 
that the ice was granular from the size of a pea 
to that of a hazelnut 

Exposure No. 5.— The cave was 70 centimeters high 
and 3 to 4 meters deep. The roof and walls of the 
cave consist of clear ice. ♦ ♦ ♦ The upper layers 
of the ice are richest in clay layers. 

Exposure No. J^. — In the upper ditch we met thin 
layers of ice alternating with layers of earth 80 
centimeters under the terrace. ♦ ♦ ♦ 

Exposure No. 5. — The stream disappeared entirely 
within the terrace to come out again 10 to 12 meters 
farther down. The ice hangs ns a roof over the 
stream, both where it disappeared and where it came 
out again. ♦ ♦ ♦ It was here less clean than I 
have seen it in other places, as it contained intrusions 
of a fine black slate gravel. 

Exposure No. &. — In a terrace whose height above 
the valley bottom is 4 meters, the little streams run 
in narrow troughs of a depth of a couple of meters. 

♦ ♦ ♦ I believe these fissures to have come about by 
frost (compare the formation of ** polygon fields'*) or 
by a sliding down of the whole terrace. ♦ ♦ * 
When one steps down into the fissures one can see 
the ice everj^where, it being always quite clean and 
does not show any bedding. It has a beautiful green- 
ish tint and Is covered by 60 centimeters of earth. 
« * * 

Exposure No. 7. — The surface of the terrace Is a 
pronounced hillock field, which Is formed on the basis 
of a true " polygon field." It is also believable that 
the underlying Ice ♦ ♦ ♦ plays f\ part In the 
formation of the "polygon field." ♦ ♦ ♦ In the 
upper ditch we found no ice, while the lower one, at 
68 centimeters vertical depth, showed many bands 
of ice alternating with slate gravel. A little farther 
In we met with a hollow. In under the terrace, at the 
same elevation as the stream bed. The cave went In 
about 1.5 meters. ♦ ♦ ♦ In this locality by the 
use of dynamite a ditch was blasted, which showed 
Ice beds 4 meters under the terrace surface. The 
frozen ground above the ice ♦ ♦ ♦ was 3.4 
meters thick. ♦ ♦ ♦ The upper layers of ice alter- 
nated with clay and sand layers. In one cut the vari- 
ous Ice layers had a total thickness of 1.2 meters. 
The lower Ice layers measured 22 centimeters. The 
Ice layers here, too, extend parallel to the surface, 
which here slopes 2° to 3° downward toward the 
river. * ♦ ♦ From the flat bottom of the ditch a 
bore hole was sunk to a depth of 1.4 meters. The 
layers of frozen earth and clay alternated with the 
Ice, but as usual Increnseil with thickness with the 
depth. The thickest layer of Ice under the ditch wa.s 
35 centimeters thick. 

Exposure No. 9. — At 30 centimeters under the ter- 
race surface we encountered the uppermost Ice layers. 
Bands of Ice to a thickness of 30 centimeters alter- 
nated with earth layers up to 15 centimeters In thick- 
ness to the bottom of the excavation (1.7 meters). 

Exposure No. 10. — In the bank, out against the 
stream, we dug a ditch. ♦ ♦ ♦ The material was 
finely assorted gravel. ♦ • ♦ It showed stream 
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bedding out from the valley side at an angle up 
through the valley, with a fall of nearly 30". The 
frozen ground was reached 50 centimeters right in 
from the surface of the slope and the fallen layers of 
the earth were about the same depth. The strata 
are cut by more flat-lying Ice bands 3 to 5 centimeters 
in thickness. After the ditch had been dug 2 meters 
horizontally into the terrace we met a considerable 
cavity, the roof of which was 4.6 meters below the 
surface of the terrace. The rear wall of the cave 
was reached with a long pole at a distance of 2 meters 
from the ditch, and its bottom was a couple of 
decimeters above the creek bed. ♦ ♦ ♦ The later 
blastings In the same ditch showed no thicker ice, 
while smaller lumps of Ice and bands of Ice a centi- 
meter thick alternated with the sloping layers of 
gravel. Still It appeared as ' If the amount of Ice 
Increased with the depth. 

Between 6 and 10 Is an air-line distance of 3,500 
meters. Besides the localities named, the ice in the 
ground has been found by borings in intermediate 
places. ♦ ♦ ♦ The Investigations at first were 
carried on to prove the presence of the ice, and the 
bore holes, therefore, were placed In places where, 
from the topography, one might expect to encounter 
the Ice at a slight depth. ♦ ♦ ♦ One may conclude 
nevertheless that there Is Ice In the ground every-' 
where between 1 and 10, even though the overlying 
frozen ground In places Is so thick that the results of 
the borings in such places became less certain. 

Exposure No. 11. — The cut where the ice Is exposed 
Is 70 meters long, curved, and with the usual semi- 
circular slides. ♦ ♦ ♦ Over the Ice Is a thin cover 
of earth with moss peat on top. In no place is the 
thickness of the earth cover more than 30 centi- 
meters. Inside of the cut, therefore, one can explore 
with a crowbar and scrape away the earth, which 
here is not frozen. The surface of the ice is smooth 
and flat as a skating rink and the Ice contains no 
earth Inclusions. The proflle is 1.5 to 2.5 meters in 
size. 

Exposure No. 12. — A stream has cut out a gully 
about 3 meters deep in the sloping plain at right 
angles to the river and valley. In the bottom of the 
gully wa.s Ice. ♦ ♦ ♦ Its color here also was 
greenish, and It was clear, without earth Inclusions. 
♦ ♦ ♦ The surface of the terrace constituted an 
extended hlllocky field, * ♦ ♦ which strengthens 
my opinion that the ground ice has an Influence on 
the forming of ground structure. 

Exposure V. — The material in the terrace was as- 
sorteil and it is without doubt a marine terrace. At 
the top ♦ * ♦ Is seen 60 meters of horizontally 
beddeil gravel. Below there was " taele " without 
stream bedding, which alternated with the horizontal 
strata of ground Ice. 

The " polygon field " on the drier terraces Is covered 
by a plant life, principally small bushes, and there ap- 
pesiTs in the damp places, on the foundation of the 
"polygon field," a "hillock field," with mos.ses, half 
grass, grass, and bog cotton. ♦ ♦ ♦ On the ex- 
tensive stretches in the middle of the valley appear 
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swamp fields with innumerable pools of water between 
the hillocks. ♦ ♦ ♦ Between these pools stretch 
hillocks or "islands" of peat moss, which under 
travel over the valley prove to be harder and one does 
not sink in so deep. 

Exposure [X]. — The Ice showed itself ei^erywhere 
in these ditches to be of small thickness compared to 
the earth strata, which consisted of fine river gravel. 
Nowhere was anything but Ice bands a centimeter 
thick. 

Exposure [Y]. — The material in the frozen ground 
consisted of river gravel. * ♦ ♦ The Ice appeared 
In horizontal flakes, 1 centimeter thick, which thinned 
out to sheets of the thickness of paper and disap- 
peared. The combined thickness of the ice beds in 
this cut did not exceed 12 centimeters. 

Exposure [Z]. — At a depth of 10 centimeters we 
here met with clay-mixed Ice of a different kind than 
the usual. The Ice Is porous and the clay lies spread 
around In It In spots of a square centimeter size with- 
out order. ♦ * * The Ice springs up In Irregular 
♦ ♦ ♦ shell-formed layers, but shows also a struc- 
ture which possibly Is crystallographlcally vertical to 
this direction. This white " taele," with its few inclu- 
sions of clay, reached a depth of 1 meter. ♦ ♦ ♦ 
At a depth of 1.6 meters the gray " taele " was relieved 
by an Ice band of clean ice a couple of centimeters 
thick. Still farther down thicker ice bands were 
found. The ground ice Is In the forming In this place. 

A condition which must be given weight Is that 
ground Ice has nowhere been seen In the great cuts 
which the rivers of the transverse valleys have formed 
in the loose strata. ♦ ♦ ♦ 

I have at no place been able to determine the thick- 
ness of the ground ice. ♦ ♦ ♦ The greatest profile 
I have examined (No. 2) showed a thickness of 15 
meters, of which 10.42 meters was accessible and 4.5 
meters were shown by boring at the foot of the ter- 
race. ♦ ♦ ♦ The greatest thickness of clear Ice 
which I have observed Is something over 2 meters.* 

On pages 35-36 Holmsen presents Hogbom's 
theory that the Spitzbergen ice is formed from 
stagnant water between overlying peat beds 
and the frozen earth strata, as follows : 

HOgbom's supposition that the ice at present seems 
to be under formation is fully supporteil by the profile 
I had dug. ♦ ♦ * That the ice should have been 
formed from the peat strata, however, seems chal- 
lenged by my investigations. In the majority of the 
occurrences described there are no peat layers. Even 
In those places where peat layers appear over the ice 
these can hardly be put in connection with its forma- 
tion, except when they rest immecliately on it. 

With regard to dead glaciers as a possible 
origin for the ice, he says :^ 

The overlying material also shows quite constant 
thickneas In the fiat valley bottom, which with difli- 

^ Holmsen, Gunnar, Spitzbergens jordbandsis : Norske Geog. 
Selskaps Aarbok, vol. 24, pp. 12-28, 1912-13. 
« Idem, pp. 87-38. 
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culty can be coupled with the idea of the cover of a 
naked glacier mass. Also, It should be likely that 
stones which have been frozen in the glacier should 
have come to sight In the Ice at one or the other of 
the many cuts I have seen. But this is never the 
case. Finally, the lack of restratlfied moraine mate- 
rial over the Ice Is conclusive that It can not have 
come about this way. 

If, then, the closer Investigation of the ground Ice 
shows that It does not owe Its origin to the glaciers, 
there are still certain characteristics in its structure 
which necessitate that one can not offhand regard it 
fonneil a.s water Ice. When It Is cut loose from the 
great ice beds it appears quite solid, but during its 
melting grains appear of the stime size and form that 
can be observed In the spring In Ice which is formed 
from snow — that is, as hail the size of a pea. On the 
other hand, I have never seen the ice falling apart 
in oriented pillars as the tablet ice usually does. 
Thinner ice beds lying between frozen earth layers 
are, however, now and then porous, with a structure 
of tablet ice and often with air bubbles in vertical 
strips. ♦ ♦ ♦ 

The outer shell of the ice in the natural profiles 
is saturated with dirty clay water, so that the sur- 
face of the Ice Is gray In color. The gray tone is a 
few Inches thick, and Inside of this the clean ice is 
light bluish or greenish. In one place it was also a 
strong green. It should also be remembered that if 
there is only a small addition to the thickness of the 
ice the main axes of the ice crystals become short, 
and they can then with difficulty be distinguished from 
granules of snow ice except by optical investigation. 
When the ice contains air bubbles these are always 
oriented vertically to the cooling surface, and this I 
have taken as an Indication that the Ice has been 
formed by the freezing of water. 

The presence of marine shells above the Ice in some 
localities appears to me as conclusive evidence that 
the ice Is formed inside of the earth strata, as it can 
not be Imagined that the Ice, at least In Its thinner 
layers, has been able to exist during the MytUus time 
of Spitzbergen, even though this warmer period, 
according to the opinions of Hogbom, has been accom- 
panied with greater precipitation and deeper snow 
cover in winter. 

Holmsen quotes a description, by K. H&Ilen, 
of some peat bogs in Norway, in which some 
loiolls remained frozen throughout the sum- 
mer.^ A vertical cut through it showed up- 
ward-arching concentrated layers of bog earth, 
in which were found intruded pieces of clean 
ice. He gives Hesselmann's description of how 
the upper bog strata one cold night in Septem- 
ber w as frozen together to a compact mass of 
ice needles and peat. 

This frozen bo<ly of peat rested, however, on a bed 
of porous, fiuted, peat-mixed ice 6 to 7 centimeters 

* Idem, p. 41. 
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thick. ♦ ♦ ♦ In its consistence the ice resembled 
prismatic ice, which in the spring during the thawing 
is found on the seas [ponds], but was still more loose 
and porous. ♦ ♦ ♦ when the peat freezes at a 
temperature not too low, the upper drier and porous 
layer freezes first, which later hinders evaporation. 

Holmsen presents his theory as to the forma- 
tion of ground ice as follows : ^ 

In a similar manner the deposits of ground ice in 
Spitzbergen must be considered to have come into 
existence, and lilce these again the extensive occur- 
rences of the same formation in Arctic Asia and 
America. It has been demonstrated in Spitzbergen, 
and it also appears from the large literature about 
the other better known occurrences of ground ice, 
that the overlying earth strata consist of clay and 
different kinds of peat, just such kinds of earth as 
absorb much water. As my own investigations have 
shown, there is no doubt that the overlying earth 
strata have an influence on the formation of the ice. 
Under moss peat the ice is clean and free from earth 
inclusions, and also the ice here lies nearest the sur- 
face. The last may be owing to heat insulation. 
Under clay the ice often alternates witli frozen layers 
of earth, and under the coarser river deposits the 
alternations between the clear ice and earth layers 
are most frequent. The drier the overlying layers 
of earth, the deeper the ice lies under the surface. It 
should also be noted that in coarser gravels, out- 
washed moraine material, etc.. ground ice, except in 
the form of covered glaciers, has never been observed. 
It seems, therefore, as if the conditions for the new 
forming of the ice in such ground is not present. 
Further, the ground ice occurs only in flat stretches 
where the drainage of the ground water is slow. 

In the flat-bottomed valleys of Spitzbergen the 
thawed earth keeps very wet during the short sum- 
mer, from the time the snow melting begins until the 
first night frost makes its appearance. Even on 
sloping plains the frequent movement of detritus Indi- 
cates that the earth is saturated. The first phase of 
the development of ground Ice Is shown In Its ap- 
pearance in the moss knolls of the valley bottom. 
♦ ♦ ♦ The next step must be considered by occur- 
rence No. 11. Here also the Ice lies Immediately un- 
der the thawed earth strata, and therefore is in all 
probability in its upper part subject to melting a part 
of the year. Under this thawing there Is a possi- 
bility that the porous Ice goes over to Its compact 
form. In which It later appears. 

Some of the occurrences Investigated are, as will 
be seen, so deep lying that even in warm summers 
they are b^low the limits of ground frost [below the 
limits reached by the summer's thawing]. In such 
places the lower beds will hardly grow any more. 
But just In these occurrences (Nos. 3, 4, 7, 9. etc.) 
are found the uppermost alternating layers of Ice and 
clay, before one gets down to the main body of the 
Ice. Each layer shows that the conditions for Ice 
forming have been present. In warm summers the 

» Op. cit., pp. 48-44. 



upper ice layers will probably disappear, but the 
deeper lying ice grows; in colder periods there will 
again be formed a higher lying ice layer, separated 
from the layer below by more or less frozen earth. 
If the surface Is even and the earth very homogeneous 
the Ice layers show great regularity. On the contrary, 
If the nature of the material varies this at once has 
an effect on the ice. The moss peat seems to have an 
especial effect, for the ice under the thick layers 
of It is not seen to contain earth Inclusions. The 
thickness of the Ice layers always Increases with the 
depth until one gets to the compact clean Ice, whose 
thickness Is so great that It has been impossible for 
me to determine It. 

With regard to the earth inclusions in the 
ground ice of Siberia and Eschscholtz Bay, 
Holmsen presents the following hypothesis:^ 

Salt (alkali?) deposits are found In many places 
upon the frozen earth, both In Spitzbergen and Green- 
land, as well as a salt-water well In Siberia. It seems 
probable from this that the vertical channels in the 
ground ice may have been melted through the assist- 
ance of salt solutions. The salt solutions may be 
made stronger by the extraction of salt from the 
ground, and we can also believe that considerable 
amounts of salt are given off In the decomposition of 
the large l)odles of the mammoth ♦ ♦ ♦ whose re- 
mains are sometimes found In these holes. The salt 
solution thins out by the melting of the Ice, but Its 
concentration Is again augmented by the freezing, and 
it may happen that the melting stops when the solu- 
tion gets a freezing point corresponding to that of the 
surrounding Ice. The ground Ice then shoots up 
around the Inclusion and Is also formed anew over it, 
closing it at the top. If one imagines the Inclusions 
to have formed in this way, they consequently do not 
always need to be younger than the surrounding ice. 
That the originally horizontal layers of the Inclusions 
may appear folded is due to smaller movements in 
the Ice bed, movements which in size resemble those 
which produce the frost cracks. 

After reviewing the literature, Holmsen 
gives the common characteristics of the occur- 
rence of ground ice, closing his report with the 
following statements:' 

1. Ground Ice occurs In places whose mean tempera- 
ture for the year Is 4* to 6* below 0* C. 

2. It Is distributed on the plains, whereas it Is lack- 
ing on slopes. 

3. The earth layers which lie over the Ice are such 
as have a capacity to absorb much water. 

These common traits for ground ice from widely 
separated localities argue for a common cause for 
Its origin. The similarity between the occurrences 
makes it improbable that the " stone ice " of the New 
Siberian Islands should be due to a covered Inland 
ice; that the Ice masses along Kobuk River should 



'Idem, pp. 71-74. 
'Idem, p. 181. 
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have been formed in a different way, as lakes frozen 
to-tlie bottom ; and that the ground ice of Spitzbergen 
at the present time is new formed from ground water 
in its own way. The geographic distribution of the 
ground ice indicates a uniformity of origin, and the 
detailed analysis of the conditions in the different 
occurrences leads to the same uniformity. Whatever' 
opinion one may have about its formation, the ground 
ice of the Arctic region, with the conditions mentioned, 
is a common phenomenon which deserves the attention 
of the geologists as a considerable factor in the 
morphology of these regions. 

DISOXrSSION OF HOLMSEITS KEPORT. 

The first thing the writer wishes to bring 
cut is the general resemblance between the 
surface features of Spitzbergen and Arctic 
Alaska. The second is that Holmsen does not 
give a single detailed description of an ex- 
posure in which the boundaries of the ice 
beds are visible. Ice was found here and there, 
in crevices, gullies, cut banks, and by digging, 
boring, and blasting. From this he concludes 
that the surface of the groimd is everywhere 
underlain by horizontal sheets of ice of greater 
or less thickness. As the writer has brought 
out in the introductioQ to tlio discussion of 
ground ice, very erroneous conclusions may be 
drawn as to both the vertical and horizontal 
distribution of ground ice, unless the actual 
boundaries of each exposed ice bed can be seen. 

As an illustration of Holmsen's deductions 
as to the thickness of the assumed universal 
ice sheet, exposure No. 2 (p. 224) is cited. The 
illustration show§ the upper portion of an ice 
deposit immediately under the surface of the 
terrace (underneath the man). Below this 
level slumping has concealed the exposure. 
At the base of the bank an excavation revealed 
some more ice. Holmsen says: 

The greatest profile I have examined (No. 2) 
showed a thickness of 15 meters, of which 10.42 me- 
ters (the height of the bank) was accessible, and 4.5 
meters were shown by boring at the foot of the 
terrace. 

He mentions " polygon fields " cut by gullies 
into blocks 12 to 20 meters in diameter. (See 
p. 224.) The photographs would serve equally 
as well for the Alaskan tundra. He also men- 
tions "hillock fields." (See p. 225.) His de- 
scription of these hillock fields corresponds to 
the writer's description of depressed polygonal 
blocks. (See Pis. XXIX, B, p. 205, and 
XXX, A, p. 206.) 



Clear ice with no inclusions of earth was 
found in the gullies and crevices in the polygpn 
areas. As the writer has already shown (p. 
208), gullies are apt to be formed only in the 
ice wedges, so that they may be expected to re- 
veal ground ice everywhere. He believes that 
we have here wedges of gi'ound ice inclosing 
polygonal blocks of the original tundra forma- 
tion. No fresh exposures showing any details 
are described, so it is impossible to affirm that 
wedges do occur, but there is nothing which in 
the least excludes their occurrence. Most of 
the bodies of clear ice free from inclusions of 
earth migjit as well be composed of ice wedges. 

With reference to the bedded strata of ice and 
earth, some of the exposures at least do not 
bear out the inference drawn from them. In 
exposure No. 2 the photograph shows a slumped 
bank. Any ice found under such a slump may 
be from recent local snowdrifts or flood ice, 
and such ice must be disregarded in discussing 
the question as to the origin of the true ground 
ice, a small exposure of which may be seen at 
the top of the same bank. As the ice in ques- 
tion was granulated, it may very well have been 
an old snowdrift, or series of snowdrifts, sepa- 
rated by clay which had oozed out from the 
bank in the summer. The photograph shows 
no details. In exposure No. 7 two ditches were 
dug, whose position is not made clear. The 
lowest one revealed bands of ice and gravel. 
This excavation is apparently at the base of 
another slumped bank. The cave which they 
found under the bank, at the same elevation as 
the stream bed, probably marks the former un- 
dercutting of the bank by the river. Snow- 
drifts (or flood ice) may have filled the mouth 
of this cave and later may have been concealed 
by slumping. 

Exposure No. 9 also revealed bands of ice 
and earth " under the terrace surface," but as 
the details are lacking this exposure can not be 
discussed. 

With the possible exception of exposure No. 
9, these exposures seem to reveal nothing which 
bears upon the formation of the true ground 
ice. 

The thin bands of ice described on page 226, 
at exposure Y, are apparently similar to those 
described by the writer and others. The mixed 
clay and ice described on page 226, at expo- 
sure Z, is also similar to that seen in Alaska 



GROUND ICE. 



229 



(fig. 12j p. 180) and is probably of a similar 
origin. 

Holmsen says that the ice is finely granu- 
lated and that he has never seen prismatic ice 
except in the thin beds, yet he believes that 
the ice originated from the freezing of water. 
(See p. 226.) The apparent granulation he 
explains thus : 

If there is only a small addition to the thickness of 
the ice the main axes of the Ice crystals become short, 
and they can then with difficulty be distinguished 
from granular snow ice except by optical investi- 
gation. 

The writer sees no reason why slow addi- 
tions to the ice by upward freezing should pro- 
ceed in a diflferent way from more rapid addi- 
tions by downward freezing, which produces 
the prismatic structure. As to the vertically 
oriented air bubbles, Holmsen does not say 
whether they occur in vertical rows or whether 
• each bubble is elongated vertically. If the 
former, the evidence is in favor of ice wedges. 
The writer neglected to note the shape of the 
individual bubbles in the wedges, so he is un- 
able to discuss this point. 

He quite agrees with Holmsen that the pres- 
ence in places of marine shells above the ice 
is conclusive that the ice has formed inside of 
the earth since the area came above sea level. 
It is very improbable that any deposit of ice 
could exist under the sea while the shells were 
being deposited. 

On page 227 he states that the protective 
mantle is of clay and different kinds of peat, 
■"just such kinds of earth as absorb much 
water," yet a few lines lower he says that 
"under the coarser river deposits the alterna- 
tions between the clean ice and earth layers are 
most frequent." A few lines below he says 
again : 

It should also be noted that in coarser gravels, out- 
washed moraine material, ♦ ♦ ♦ there has never 
been observed ground Ice except In the form of cov- 
ered glaciers. 

The first step in the formation of ground ice, 
according to his theory, is in the mixed peat 
and ice. This mixture has a "fluted" struc- 
ture resembling prismatic ice. The next step 
is illustrated by exposure No. 11, which is a 
solid body of ice with no inclusions of earth. 
By this one great stride he gets over the chief 



difficulty in the whole theory — that is, how 
somewhat prismatic earth-mixed ice can 
change to nonprismatic earth- free ice. His 
explanation is that " in its upper part the ice 
is subject to melting a part of the year. Under 
this [melting] there is a possibility that the 
porous ice goes over to its compact form in 
which it later appears." 

If water ice was invariably clear, without 
any inclusions, we might expect that water 
would percolate through porous earth until it 
came into contact with the frozen portion of 
the ground and then freeze into a sheet of 
clear ice, lifting the overlying earth as the 
ice grew in thickness. But water ice does have 
inclusions of all sizes. 

If downward freezing does not displace the 
peat lumps in the ice of the Norway bog 
against a slight possible buoyancy the supposed 
upward-growing ice sheet will certainly not be 
able to lift the several feet of soil which over- 
lie it. 

This upward growth of the surface of an 
ice bed is only possible in places where the 
upper surface of the ice bed is reached by the 
summer's thawing. A certain portion of the 
ice must melt each summer and the water must 
be dispersed, unless we postulate the floating 
of clay and sand. No additions can be made 
to the ice until the thawing stops in the 
autumn. Then the deep-seated low ground 
temperatures will lower the temperature of 
the surface of the ground ice bed so that the 
moisture in the overlying saturated earth may 
freeze against it. Any growth of clear ice 
upon the top of the ice bed must occur in the 
short interval between the times when the 
thawing stops and the overlying earth is frozen 
solid. The temperature adjustments must be 
very delicate to allow the growth continually 
to exceed the melting, so that a heavy bed of 
clear ice is built up. A warmer summer will 
thin the bed and a colder one will raise the 
level at which the new ice is formed, leaving 
a layer of earth between it and the heavier bed 
below, thus forming the bedded ice which is 
discussed below. When the protective mantle 
is growing in thickness, as in peat, the condi- 
tions for such a bed of clear ice are unfavor- 
able, yet it is under just such a covering that 
clear ice is chiefly found. 
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With respect to the ice beds which alternate 
with clay the process is still more difficult to 
understand. Also the described exposures do 
not fit the theory proposed. Holmsen states 
that "the thickness of the ice layers always 
increases with the depth until one gets to the 
compact clear ice, which thickness is so great 
that it has been impossible for me to determine 
it." Under exposure No. 10 (see p. 225) he 
found bands 3 to 5 centimeters thick in a ditcli 
apparently at the bottom of a bank. "Later 
blastings in the same ditch showed no thicker 
ice, while smaller lumps of ice and bands of 
ice a centimeter thick alternated with the slop- 
ing layer of gravel." 

As regards the theory alone, the great thick- 
ness of the alternating beds presents many 
difficulties. As the same cycle of summer tem- 
peratures has affected the whole area, the de- 
posits should show parallel features every- 
where; but they do not, for under peat Holm- 
sen finds solid ice. At exposure No. 9, at 30 
centimeters under the surface of the terrace, 
are bands of ice 30 centimeters thick, alter- 
nating with layers of earth 15 centimeters thick 
as far down as 1.7 meters. At exposure No. 4 
thin alternating layers of ice and earth were 
met 80 centimeters under the surface. At ex- 
posure X nothing but ice bands a centimeter 
thick were seen — a small thickness in com- 
parison with the earth strata. At exposure Y 
was a series of horizontal flakes a centimeter 
thick whose combined thickness did not ex- 
ceed 12 centimeters. 

In an area to which no surface material is 
being added a series of beds increasing in 
thickness downward would demand a climate 
whose summers, after maintaining a constant 
temperature long enough to build up a heavy 
bed of ice, suddenly cooled enough to raise 
the limit of thawing (15 centimeters in one 
place) and then remained constant again for 
a long time. Each bed of earth represents a 
sudden change and each bed of ice a period of 
no change. These periods must shorten in an 
accelerating manner to bring about beds whose 
thickness constantly decreases. Even if the 
beds do not increase in thickness downward, 
the alternations of sudden change and long 
pause in a cooling climate are not borne out 
by modern meteorologic investigations. The 
material between the beds of ice comprises a 



considerable thickness in some of the expo- 
sures. The summers certainly must have been 
much warmer in order to thaw all the earth 
from the surface of the ground down to the 
postulated heavy lower bed of ice. 

If additions are made to the surface of the 
area, either of outwash material or by growth 
of turf and peat, then beds of ice and earth 
of varying thickness might occur in a constant 
climate. Even though peat may not be in- 
creasing in thickness at present, it certainly 
did so while forming in the past. Unless its 
growth always stopped exactly when the 
summer's thawing could just penetrate it, 
bands of ice should be also seen under a mantle 
of peat. 

The condition where the thickness of the 
covering is increasing and the climate not con- 
stant is too complicated for discussion. It is 
easily seen, however, that the balance between 
the two must be delicate in order to allow beds, 
of considerable thickness to be formed. While 
the surface layer is constant the climate can 
not change; while the surface layer increases 
in thickness the summers must grow just warm 
enough to penetrate to the increased depth, or 
else a new bed of ice will be started. 

Holmsen's theory of the formations of pot- 
holes in the ground ice by salt solution seems 
hardly tenable. The first difficulty is to find a 
source for the salt and to get it concentrated 
locally. The salt contained in the few feet of 
tundra material which overlies the ground ice 
must be very small. Even in marine forma- 
tions much of the salt must have been carried 
away by surface drainage. Any salt in the 
ground would hinder the formation of ground 
ice, but after the ice had formed the same salt 
could hardly redissolve the ice. 

As the salt originally in the ground is insuffi- 
cient, it must have come in from the outside. 
The bodies of large animals are suggested, but 
the amount of salt furnished by them must 
play an unimportant part, else in each pothole 
we should find the remains of the animals 
which furnished the salt that formed the hole. 
Salt springs might have burst out after the 
ground ice was formed and the brine might 
have concentrated into pools over a wide area. 
The springs must then have stopped flowing. 
Such a development of salt springs in the past 
over all the areas where earth inclusions in the 
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ground ice have been recorded is not within 
the limits of probability. 

A local mass of brine on the surface of the 
ground, if it does not flow off, will sink down- 
ward and will undoubtedly thaw the frozen 
earth and eat into the ice until its dilution 
gives it a freezing point equal to the tempera- 
ture of the ground. We then have a pothole 
full of weak brine, the bottom of which is cov- 
ered with the few feet of protective mantle 
which originally capped the area. As the 
brine would attack the sides of the hole as well 
as the bottom, the pothole should be cone- 
shaped. The stronger brine, concentrated out 
of the solution when it freezes at the top dur- 
ing the extreme surface cold of the next 
winter, should be able to eat farther into the 
ground ice, whose temperature will be higher 
than that at which the concentrated solution 
will now freeze. A limit must be reached 
somewhat below the depth to which the brine 
freezes each winter, for the concentration of 
the lower portion of course ceases ^as soon as 
the upper portion stops freezing. 

It seems to the writer that no possible 
amount of salt on the surface of the tundra 
could melt down more than a few feet into the 
ground ice. The narrow cylindrical potholes 
in the New Siberian ice, which reach to a depth 
of 70 feet, could never have been formed in this 
manner. 

If such a pothole should be formed the diffi- 
culty remains to account for its filling with 
earth. The material transported by both wind 
and water is negligible over most of the areas 
underlain by ground ice. Slumping from the 
sides is excluded if the hole is to retain its 
vertical walls. Any sudden inflow of water- 
borne material can not be postulated for an 
area which is covered chiefly with muck; and 
where the inclusions of earth do not contain 
such water-borne material the exposed walls 
could hardly remain vertical during the time 
necessary for filling by any slow process. 

Holmsen's explanation of the earth inclu- 
sions which are overlain by ice is impossible. 
The pothole having conveniently emptied itself 
of the brine which originally thawed it out, 
and having become partly filled with earth, 
" the ground ice shoots up around the inclusion 
and is also formed anew over it, closing it in at 
the top." The walls would flatten.out, so that 



a saucer-shaped depression would be formed 
before the slow growth of ice could bring the 
surface of the inclusion up to the general level 
of the ground. 

To sum up Holmsen's paper — ^the writer dis- 
agrees with him as to the interpretation that 
his exposures show a universal horizontal bed 
of ice or series of beds of ice of great thickness. 
His theory of the formation of ground ice, 
although within the limits of possibility, is not 
brought out in a way to settle the difficult 
points embodied in it. The exposures as de- 
scribed do not bear out his theory, but the de- 
scriptions may be faulty. 

ESCHSCHOLTZ BAY, ALASKA. 

Maddren * quotes the important parts of the 
literature upon this region up to 1890. 

KOTZEBVE. 

The explorer, Kotzebue, in 1816, reports that 
he saw masses of the purest ice, of a height of 
a hundred feet, under a cover of moss and 
grass.^ 

BEEOHET. 

At the same locality, in 1826, Beechey found 
only a few insignificant patches of ice. The 
largest of these was particularly examined by 
Mr. Collie, one of Beechey's officers. On cut- 
ting through the ice in a horizontal direction 
he found that it formed only a casing to the 
cliff, which was composed of mud and gravel 
in a frozen state. The facing is believed to 
be from snow banks or from the freezing of 
water which seeps down from the surface of 
the tundra. With reference to a neighboring 
exposure, he says: ^'The ice here, instead of 
merely forming a shield to the cliff, was em- 
bedded in the indentations along its edge, fill- 
ing them nearly even with the point." * 

OOLLIE. 

Mr. Collie's theory as to the formation of 
the ice clifl's, announced in 1831, is as follows: 

They may have heen formed from waters coUected 
in deep fissures and cavities that intersected the falling 
cUff near its margin. ♦ ♦ * The fall of a mass of 



1 Maddfpn, A. O., Smithsonian Explorations In Alaska in 
1904 : Smithsonian Misc. Coll., vol. 49, pp. 1-117, 1905. 
•Idem, p. 68. 
« Idem, pp. 70-72. 
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mud from the outer side of one of these walls would 
expose this ice, forming a case over the Inner side of 
the fissure In which It was accumulated.* 

BELOSER. 

Lieut. Belcher, in 1831. proposed another 

theory : 

H*» conceives that between the superficial layers of 
HiKinjjy r)eat and the mass of frozen mud which forms 
tlie substance of the cliff the water oozing downward 
through the peat during the thaw of each successive 
summer is stopped at the point where It comes into 
contact with the perpetually frozen earth below, and 
then accumulates Into a thick horizontal sheet of 
pure transparent Jce.* 

XELLETT. 

In 1849 Capt. Kellett visited the locality and 
came to the conclusion that the ice was more 
than a veneer upon the face of the cliff and 
that Kotzebue was right in thinking " that it 
formed part of a solid iceberg." Dr. Richard- 
son, after disciLssing the observations made by 
Kellett and his officers, comes to the conclusion 
that " further observations are still needed to 
form the foundation of a plausible theory."' 

DALL. 

W. H. Dall examined Elephant Point in 
1880. He says: 

On the hlKhest part of the ridge, perhaps 2;"K) feet 
above high-water mark, at a depth of a foot, we came 
to a soliflly frozen stratum consisting chiefly of bog 
moss and vegetable mold but containing good-sized 
lumps of clear Ice. There seemed no reason to doubt 
tliat an extension of the digging would have brought 
us to solid, clear ice, such as was visible at the face 
of the bluff below. 

He concludes that the whole ridge "was 

chiefly composed of solid ice overlain with clay 

and vegetable mold." In giving the details of 

the ice face, he says: 

In other places the ice was penetrated with deep 
holes into which the clay and vegetable matter ha«l 
l)(H»n dei)osite<l in layers, and which (the Ice melting 
away from around them) appeared as clay and muck 
cylinders on the ic^ face. Large rounded holes or 
excavations of Irregular form had evidently existed 
on the top of the Ice before the clay, etc., had been 
(leposlte<l. • • ♦ The layers were waved, as If the 
deposit had been affecteil by current action while 
going on.* 

1 Maddren, A. G., op. clt., p. 77. 

■ Idem, p. 78. 

■ Idem. pp. 92-99. 
♦Idem, p. 105. 



HOOPSK. 

Capt. Hooper visited the place in 1880 and 
found stream-melted holes 30 feet deep show- 
ing solid walls of clear ice. He dug several 
holes in the top of the cliff and always found 
ice a few feet down." 

Capt. Hooper again examined the locality in 
1881 and reiterates the fact that the quantity 
of ice is too great to be accounted for by 
Beechey's and Collie's theories. Among the 
details he mentions that " a number of wedge- 
shaped pieces of ice found in the banks around 
Eschscholtz Bay were probably formed by a 
small crack in the ground filling with snow and 
ice, and continuing to enlarge under successive 
changes from freezing to thawing."* 

NELSON. 

Nelson, a naturalist with Hooper, describes 
a beaver's nest which was revealed in the bank : 
" Only a few yards away on either side bf the 
beaver nest, and apparently back of it, on about 
the same level, was ice apparently surrounding 
the mass of frozen earth upon which the nest 
rested." ^ 

OANTWELL. 

Maddren also mentions the ice cliffs seen by 
Lieut. Cantwell on the Kobuk :® 

A series of Ice cliffs * * ^ • was observed, com- 
posed of a solid mass of Ice extending three-quarters 
of a mile along the left bank, covered by a thin layer 
of dark-colored earth, and rising to a height of 150 
feet. 

aXTAOXENBirSH. 

Quackenbush has recently examined the 
Eschscholtz Bay region. He gives detailed de- 
scriptions and diagrams of the actual exposures 
as he saw them in 1907-8 : 

There are 14 masses of pure Ice • * • exposed 
In these two hills. • * * The largest Is about 100 
feet In length and the smallest 15 feet; In vertical 
thickness they vary from 1 to 8 feet; that is, this 
amount Is exposed. • ♦ • One Is a wedge-shaped 
mass, which may be called a " dike," 7 feet high, 2 feet 
wide at the bottom, and 5 feet across the top. ♦ ♦ ♦ 
[One of the largest Ice layers had a length of] about 
75 feet. Beneath the mud slide solid Ice was traced 
forward to the horizontal distance of 30 feet, and tak- 
ing the angle of the mud slope Into consideration It 



» Idem, p. 103. 

• Idem, pp. 108-109. 

* Idem, p. 112. 
'Idem, p. 118. 
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appears that the entire thickness of pure ice is at least 
18 feet, of which the upiier 8 feet is exposed. ♦ ♦ ♦ 
[Another exposure] is 10 feet in thickness, and its 
horizontal base rests on silt at an altitude of 50 feet. 
♦ ♦ • The ice is distributed in apparently isolated 
masses at various elevations from the bench to the top 
of the bluflf^ but some of these glaciers are very nearly 
on the same level and may have been connected in the 
iwrtion of the bluff now washe<l away, and they may 
also be still connected within the remaining deposit. 
The ice is not confined to the face of the bluff, where 
it might have formed in cracks, but in the cases of the 
ice wall, ♦ ♦ ♦ it evidently extends back into the 
frozen silt* 

A year later, in 1908, at the same place, he 
found changes in the exposures. 

Other changes noted were the 
complete disappearance, by melt- 
ing, of the vertical exposures of the 
two glaciers at the sides of the 
beaver dam, which left clean walls 
of frozen silt in their places ; these 
ice masses could therefore not have 
been more than 2 or 3 feet thick 
(horizontaUy) In 1907. * ♦ * 

One small clear glacier embedded 
in silt showed a distinct line of 
stratification running horizontally 
across the middle. Pieces of Ice cut 
out from the cliff glaciers at a space 
of a foot or more from the exposed 
surfaces were full of round, oval, or 
much-elongated air bubbles or cavl- 
tiea ♦ ♦ ♦ Fragments of ice 
tnken from the glaciers. Ice dikes, 
and Ice cracl^, melted, when ex- 
posed to the sun, so as to show 
a polyhedral, granular structure at the surface, 
and these p-anules could usually be easily rubbed off 
with the finger; they ♦ * ♦ averaged about 
three-sixteenths or one-quarter of an Inch In di- 
ameter, though In different parts of a single mass 
of ice they might plainly show or be apiftirently not 
forme<l. 

Owing to the poor exposures in 1907-8, it w^as im- 
possible to arrive at any final conclusions concerning 
the origin of the ice masses, but a few remarks may 
be of interest. Some of the small glaciers may have 
been recently protluce<l from snow or water in cres- 
centic cracks at the heads of cirque-shaped slides, 
but other glaciers are too thick horizontally to have 
been formed In this manner. * • ♦ Two ice-filled 
cracks exposed In excavating the mammoth skeleton 
were evidently forme<l by the Infiltration of water 
after the groun<l ha<l become frozen, for otherwise 
they would not have c<mtalned laminae of dirt parallel 
with the walls; moreover, the vertical crack passed 



through the middle of the skeleton and intersected 
a rib. This Ice Is therefore comparatively new, and 
since its granular structure was well shown^ this 
structure is not necessarily proof of snow origin for 
other granular masses of Ice. The Ice dike in the 
stratified glacier on Goose Bay was plainly formed 
since the <]ei)ositlon of the beds through which it 
cuts. ♦ * ♦ It Is not Impossible that other masses 
may have been Interstratlfied on a fiood plain. On 
the other hand, In the single case in which the 
contact of ice with underlying silt could be clearly 
seen, the glacier was as clean at the bottom as 
everywhere else, and not even a leaf or twig was to 
be found embedded in it nor In the silt; If the ice 
had been formed by the freezing of ponds or streams 
one might expect to find gravel or sticks, etc, on the 
bed. ♦ ♦ ♦ 

TOP OF BLUFF 



STHATiriED GUkCIER "CE DIKE ICC DIKE 



VERTICALLY STRATinEO ICE AND MUD 
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^ Qnackenbafita, L. 8., Am. Mas. Nat. Hist. Ball., vol. 26, 
pp. 98-100, 1909. 



Fig ORB 31. — Exposure of ground ice in Qoose Bay. After Qoackenbush. 



[In Goo.se Bay] three glaciers are visible, one of 
which ♦ * ♦ has a remarkable structure [figs. 31 
and 32]. Its entire length is 65 feet, and the vertical 
face has a height of 6 feet at one end while it tapers 
out at the other. The high end consists of half-Inch 
layers of pure Ice alternating with muck containing 
considerable plant remains. The layers are grouped 
into five thick strata, and a vertical dike of pure ice 
running Through the middle of the stratified portion 
of the glacier, separates the upwardly bent ends of 
these strata, which match on opposite sides of the 
dike. The latter Is about 2i feet wide In the middle, 
being slightly narrower below and broader above. 
Next the end of the stratified portion there is another 
wedge-shaped mass of pure Ice 4 feet wide at the bot- 
tom and 5 feet across the top. Adjacent to this dike 
there Is a section, averaging 4 feet In whlth, formed 
of nearly vertical layers one-half Inch thick of pure 
Ice and muck alternately. The remainder of the 
glacier consists of pure Ice. * ♦ ♦ Solid Ice ex- 
tends downward below the first described dike and 
forward under the mud slide, adding at least 6 feet 
to its total vertical thickness. The silt seems here to 
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have b<»en deposited unconformably upon the top of 
this cuiioufl glacier, though slides may have modified 
the uiiper oc»ntact.* 

On Buckland River " several broad, wedge- 
shaped glaciers are exposed in the upper 
bluff." 2 

DI80VS8I0N OF TH£ LXTEBATURE ON E80H80H0LTZ 

BAT. 

Some of the ice of this locality is without 
any doubt in wedge-shaped masses, and most 
of the exposures may be explained by the 
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Wuivum 32.— ^Section through the Ice dike •hown in figure 81« 



lh<v>ry \u*Vi* pi*cH<»jitcMl. Under this theory of 
foriniition, tnoMt of tho cont'radictory reports 
of l\u* mr\y 4»xplon»rH may be reconciled. 
Kotxi«bui^^N nH*ord of a hill of solid ice may be 
iliMifiiNh4«(l UN an cxaf^f^riation, yet groat masses 
of |ri« an* ofti*ri oxpomMl when tho polygonal 
blo/'kn bri*nl< off along thoir edges. Beechey's 
irivi<ttfigMtioiiM, whirh hIiowimI that tho ice was 
fvihiply II v<MMM*r iigaiuHt the cliff, are a strong 
9$u\i\fovl ot (Im^ proHonco of wodgos exposed 
\niiii\Uu\\im\\y, Again, Kollott fomul so much 
ii«i< )M niiiiu* loriililii^H that ho wont back to the 
ui\U^im\ Idm of a Nolid iceberg. ncM)per saw 
U'ii wallti KJiUMiiling back along a Htroam*out 
gfitty. A (9 lilmiily nhown, tlu^^ gullies are 
Npt Ui tnvm along (ho wodgoH, and thoy there- 
fiil'ii fM'tti'ly alwa.VN lovoal ice. 

Mall ti'iiiu hiMiilllrtoiil ovldonoo camo to the 
n\fUiUfh ilial' Uio whoUt urou wun underlain 

* ipiH»kmi\m\\, I N.. 0(1. fit., pp. lUO-tOS. 



by solid clear ice. The muck and clay cylin- 
ders which he saw in tlie ice face point strongly 
to polygonal blocks surrounded by ice wedges. 
Hooper on his second visit mentions that he 
saw a number of wedge-shaped pieces of ice in 
the banks. 

Quackenbush' mentions several wedge- 
shaped exposures of ice, one of them showing 
upturned muck beds. The ice which disap- 
peared from either side of the beaver dam may 
have been a longitudinal section of a wedge. 
Air bubbles and granulated ice occur in all 

of the exposures, includ- 
ing the dikes, and he con- 
cludes that some of the 
ice must have formed 
after the ground had be- 
come frozen solid. 

No descriptions of the 
surface of the tundra are 
given by any of the ob- 
servers. As ice in the 
form of wedges is shown 
to exist there in several 
places, and possibly in 
many, the writer predicts 
that a "polygonal field" 
will be found upon the 
surface. 

As to the enormous exposures of ice de- 
scribed by Lieut Cantwell upon the Kobuk, 
there is either some fault in the wording of 
the description or else exaggeration, for no 
one since his time has seen ice cliffs Approach- 
ing in size those that he described as 150 
feet high. 

NORTH AMERICA IN GENERAIi. 



SUOe OVCKGROWN 
WITH WILLOWS 



In 1821 the Arctic explorer Parry described 
the sea ice as attached to the bottom near shore 
in places in the Parry Archipelago. This ice 
is often covered by several feet of water. 
Parry suggests that if it were buried by out- 
wash from the land it would be preserved as 
ground ice.* 

•Idem. p. 108. 

* P«rry. W. B., Journal of a voyage for the discovery of a 
Boithweat paasage In 1819-20, p. 201, PhUadelphia, 1821. 




OBOUND ICE. 



Dall, who examined the Eschscholtz Bay 
region in 1880, ascribes ground ice in general 
to the freezing of shallow lakes of muddy 
water upon the wide coastal plain, formed by 
an elevation of the land which occurred prob- 
ably at the end of the Miocene. This ice was 
covered by clays brought down by spring 
freshets, and a carpet of Arctic vegetation 
gradually spread over these clays, so that the 
ice has been preserved to the present day.' 



In 1886 Turner' gave a theory which is 
seemingly so simple and competent that it has 
been accepted by many observers. In thrust- 
ing a stick under the edge of the sod resting 
on. the water of the pond he could 
feel with but little ioterference from grass roots, far 
under, yet the water was too deep • • • to touch 
the bottom of the pond. I now saw that the margin;) 
of the pond were being gradually encroached upon 
by the matting of the grasses, which In the course of 
time would entirely cover the surface, and In their 
turn be aocceeiled by a growth of sphagnuni, which 
by Its retention of cold would prevent the Ice formed 
In the water below from being thawed out * > • 
These lakes of ice have been the soorcc of the tee 
bluffs presented on various parts of the coast. 

This theory is discussed on page 203. Toll 
states that Baer and Schrenk, in discussing 
the Siberian ground ice, had advanced (he 
same theory some years previously. 



In 1890 Eussoll ' restated the same theory 
that Turner had previously advanced. 

.\s the moss covers the lakelets more and more com- 
pletely during a series of years, the Ice formed by 
the freezing of the water in winter is more iind more 
thoroughly protected, and Is finally completely 
shielded from the hea\ of summer. A body of clear 
Ice l.« thus forniod In tlic tundrii, similar to the strata 



' DsU, W, H., Correlation papers, Npoccne : V. B. GeoL 
SuTYfJ Bnll. 84, p. 2I!7, 1S02. 

■Turaer, L. M., CoQtrlbutlona to the natural hlBtorj ot 
Alaska, p. IB, Slunal Servlc-e, I'. 3. .\rmy. 1886. 

■ RurhU, I. C, Notes on the eurtace geologj cf Alnska: 
OeoU Six:. America Bull., vol. 1, pp. B&-1S2, 1890. 



of ice exposed at certain localities along the coast of 
Bering Sen and in the banks of the Yukon.' 

From the repe-ated formation and burial of 
such ponds by moss, Russell postulates a series 
of lenticuhir masses of ice embedded in peat, 
as a characteristic feature of exposures of 
ground i<^P- 

Russell ascribes the encroaching mat of 
vegetation to the growth of moss, and in this 
he has been followed by later observers, but 
the writer has shown that moss probably does 
not piny an important part in any climate. 
(See p. 203.) Also, on the Arctic coast at 
least, no floating mats of vegetation have ever 
been observed. 



Schrader, who traversed the Arctic coast 
from the Colville to Cape Lisbume in 1901, 
a part of which area the writer has also ex- 
amined, did not see mnch ice. He says : " Even 
along the coast it is not extensively exposed. 
Here long stretches of the low tundra country 
are apparently underlain by rock or earthy 
deposit."' The most extensive exposures are 
at Cape Halkett and Cape Simpson, where the 
ice "seems to be practically continuous for a 
distance of several miles. Cape Halkett, one 
of the most prominent promontories along this 
part of the coast, • • * terminates in an 
ice cliff rising 30 feet above tide level and is 
overlain by a foot or two of muck. • • * 
The ice cliffs appear merely to represent com- 
pletely solidified bays, lagoons, lakelets, or 
perhaps other coastal bodies of ponded water, 
now raised into low anticlines and cut back by 
wave action." ' 

The writer in August, 1914, when the ex- 
posures were good, examined this locality while 
following the bank in a small boat. Much 
wedge-shaped ice wa,s seen, but nothing ap- 
proaching such a long exposure as Schrader's 
illustration shows. (See PI. XXXV, A, p. 238.} 
Still, as it was in an area that contained wedge- . 
shaped ice, and as long exposures are possible 



* Idem. p. 128 
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in such places, the ice which Schrader saw may 
really have been that kind. Both the writer 
and Stefansson (see p. 288) have several times 
traversed this locality without seeing any heavy 
deposit of ice. 

MEKDEKHALL. 

In speaking of the ground ice of the delta 
of Kobuk River Mendenhall ^ agrees with Rus- 
sell and others that the tundra lakes have been 
buried by advancing moss over their surface 
and thus preserved as ground ice. 

TYBRELL. 

Tyrrell * has described the ground ice of the 
Klondike and has advanced a new theory as to 
its origin. The ice which he saw occurred as 
a rule 

in more or less horizontal sheets of clear ice, from 6 
inches to 3 or more feet in thickness, lying between 
layers of muck or fine alluvium, usually where the 
muck is divided horizontally by a thin bed of silt. 
Most of them * * * are from 2 to 4 feet below 
the surface, though some are deeper. * ♦ ♦ Many 
vary from 100 to 1,000 feet in length and from 50 to 
200 feet in width. * * • They are of very even 
and regular thickness throughout [though they are 
not strictly horizontal, but approximate closely the 
surface upon which they He, so that the] apparently 
level sheet of clear ice was 5 or 6 feet higher at its 
upper end than at its lower, * * ♦ showing that 
these ice sheets do not partake of the character and 
attitude of frozen ponds or lakes. 

In the majority of cases the ground ice sheets are 
in the vicinity of springs that can be plainly seen 
issuing from the bases of the neighboring hills, but 
in other cases no such springs are apparent. In 
these latter cases, however, wherever the gravel has 
been removed and the underlying rock has been ex- 
posed springs have been found. 

The mode of formation of these underground sheets 
of ice is therefore as follows : Water issuing from the 
rock beneath a layer of alluvial material rises through 
the alluvium, and in summer spreads out on the sur- 
face, tending to keep it constantly wet over a con- 
siderable area. In winter, if the flow of water is* 
large and the surface consists of Incoherent gravel, 
* the water will still rise to the surface and there form 
a mound of ice. If, on the contrary, the flow from 
the spring is not large and the ground is covered with 
a coherent mass of vegetable material, such as is 
formed by a sphagnum bog, the spring water, already 

^Mendenhall. W. C, ReconnalBsance from Fort Hamilton 
to Kotzebue Sound, Alaska : U. S. Geol. Survey Prof. Paper 
10, p. 45, 1902. 

* Tyrrell, J. B.; CryRtophenes or buried sheets of ice in the 
tundra of northern America : Jour. Geology, vol. 12, pp. 232- 
236, 1904. 



at a temperature of 32'' F., rises until it comes within 
the influence of the low temperature of the atmos- 
phere and freezes. This process goes on, the ice con- 
tinuing downward as the cold of winter increases, 
until, a few feet below the surface but still within 
the influence of the low external temperatures, a 
plane of weakness is reached in the strata of frozen 
vegetation or alluvial deposit, such planes of weak- 
ness being generally determined by the presence of 
thin bands of silt or fine sand. 

As any outlet is now permanently blocked, the 
water is forced along this plane of weakness and 
there freezes, and thus the horizontal extension of 
the sheet is begun. While thus increasing in extent, 
the ice also increases in thickness by additions from 
beneath until it has attained a sufficient thickness sa 
that its bottom plane is beyond the reach of the low 
atmospheric temperature above, after which it con- 
tinues to increase in extent but not In thickness. 

With the advent of the warm weather of summ«^ 
the growth * ♦ ♦ ceases, but the cold spring 
water which continues to rise up beneath it has little 
power to melt it, and its covering of moss or muck, 
being an excellent nonconductor of heat, protects it 
from the sun and wind and prevents it from thawing 
and disappearing. Thus at the advent of another win> 
ter it is ready for a still greater growth. ♦ ♦ ♦ 

Veins or dikes of ice rising from the bedrock into 
the overlying ground ♦ ♦ ♦ evidently represent 
the former course of a spring which had changed its 
point of discharge. More or less vertical masses of 
ice are also sometimes met with in the gravels them* 
selves, indicating the positions of former water chan- 
nels from the bedrock toward the surface. 

Tyrrell's hypothesis of the formation of both 
horizontal and vertical sheets of ice does not 
seem to bear analysis. Water under sufficient 
pressure to lift locally the upper few feet of 
frozen muck which restricts its flow would 
distort the frozen layer and probably weaken 
it, if not fracture it, so that the water could 
escape and relieve the pressure. It is necessary 
for the frozen layer (only a few feet thick) to 
be so strong that it is not bulged up, even with 
a hydraulic pressure sufficient to force water 
at least 500 feet horizontally through frozen 
gi'ound. The pressure must fracture the 
ground to that distance horizontally and yet 
not distort or break the few feet of frozen 
gi'ound over it. The writer has no idea of the 
amount of pressure that would be required for 
this, but it must be many times that to which 
the ground above yielded at the initiation of 
the supposed horizontal sheet of ice. 

The writer's opinion is that a blocked spring 
under high pressure would bulge up the frozen 
ground and fracture it. Ice might form under 
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the dome in the cavity thus produced. If the 
escaping water carried much material it woul,d 
be deposited upon and around the mound, 
building it up to a greater size. Some such 
origin is postulated for the gravel-covered 
mounds that are described on pages 150-155. 

It is difficult to see why the vertical dikes of 
ice in gravel should represent the position of 
former ascending watercourses or springs. 
Any fractures in the ground may as well have 
been filled by surface waters as by ascending 
waters; in fact, in most flat areas of frozen 
ground they could hardly escape this filling 
when the snow melts in spring. 

The presence of these vertical dikes of ice in 
the Klondike is important in considering the 
distribution of wedge-shaped masses of ice, 
for there is every probability that they come 
under this category. 

PTTBIKOTON. 

Purington * mentions large ice sheets similar 
to those described by Tyrrell. They are from 
25 to 150 feet in diameter and are found not 
only in creek beds but on the slopes and show 
no regularity of distribution. In the Seward 
Peninsula ditches " the difficulties with ground 
ice were very great. At one place 800 feet of 
such an ice sheet was found. * * * At an- 
other point 1,100 feet of flume ♦ ♦ ♦ 
built over an ice sheet." ^ 



were 



XADDREN. 

Maddren ^ in his account of a trip in search 
of mammoth remains describes the ground ice 
of the Old Crow basin and neighborhood. In 
his discussion of the Siberian mammoth finds 
he has much to say about the ground ice there 
also. In an appendix he lists all the litera- 
ture on Eschscholtz Bay to the date of his pub- 
lication. 

Beds of Ice were observed as far as we were al)le to 
ascend the Old Crow River. They appeared on top 
of the banks, always at elevations of 100 or more feet 
above the stream, for a distance of more than 100 
miles along the stream. ♦ * • The ice varies 
greatly in color, structure, and thickness. Some is of 
a brownish hue, having much the same color as peat 
water and containing quantities of comminuted vege- 

1 Purington, C. W., Gravel and placer mining in Alaska: 
U. S. Geol. Survey Bull. 263, p. 119, 1905. 

« Idem, p. 126. 

' Maddren, A. G., Smithsonian exploratlonsx in Alaska in 
1904 : Smithsonian Misc. Coll., vol. 49, pp. 1-117, 1905. 



table matter, in some parts distributed evenly through 
the mass and at other places concentrated In thin 
layers like sheets of paper between thick masses of 
clear Ice. Some is whitish and granular, especially 
at Its surface, and often contains cavities of gas 
bubbles. At other places masses of green and blue 
Ice were observed.* 

The ice beds have a covering of peat that 
ranges from 2 to 15 feet in thickness. In most 
places this protective covering to the ice is 
composed entirely of vegetable remains. 

Maddren 's observations upon these deposits 
lead him to the opinion that the ground ice 
has been formed from water in lakes upon the 
top of lacustrian silts which had been depos- 
ited in large Pleistocene lake basins, in a cli- 
mate probably warmer than that at present. 
At the close of the Pleistocene, these silts were 
elevated and thrown into gentle folds. Shal- 
low lakes formed in these folds as well as in 
other local depressions. Moss and peat grad- 
ually encroached upon the surface of the lakes 
and finally buried them. The colder climate 
brought on by elevation gradually froze these 
lakes and the freezing extended into the silts 
to the depth at which they are found frozen at 
the present day.* 

Maddren's presentation of Lieut. Belcher's 

theory of formation is an improvement upon 

the original. He says: 

The water sinks through the moss blanket from the 
surface and also seeps underneath It from higher 
levels. This tends to lift the living moss with Its 
thawed underlying layers of vegetable humus or peat, 
floating It In a state of semlbuoyancy above the frozen 
substratum of alluvium or peat so the Ice may ac- 
cumulate season after season, as long as there is a 
growing and buoyant equilibrium maintained between 
the annually thawed peaty superstrata and the con- 
stantly frozen substrata.* 

Lieut. Belcher did not bring out the possi- 
bility of a buoyant action of the water; his 
theory was that as soon as the water came into 
contact with the frozen substratum it stopped, 
and the rest is left to the imagination of the 

reader. 

stefAksson. 

At times between 1906 and 1912 Stef ansson ^ 
traveled up and down the northern coast of 
Alaska where the writer has been working. 

*Idem, p. 15. 
BIdem, pp. 86-38. 
•Idem, pp. 44-45. 

'* Stefflnsson, Yilhjfllmur, Groand ice in northern Alaska : 
Am. Geog. Soc. Bull., vol. 42, pp. 837-345, 1910. 
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He has given detailed descriptions of several 
exposures of ground ice and has advanced some 
theories as to their origin. He arrives at three 
conclusions as .to its character: (1) That there 
are no large continuous sheets; (2) the ice 
probably nowhere attains a' great thickness, the 
maximum being less than 8 feet; (3) the earth 
on top of the ice is seldom, if ever, thick, the 
average being not over 2^ feet. His own ob- 
servations are confined to the coast between 
Smith and Harrison bays (which includes 
Cape Halkett), but he also presents the obser- 
vations made by the Government school-teacher 
at Wainwright upon the ice exposed in sink- 
ing an ice house into the tundra. Other ice 
houses are mentioned at Barrow, as well as the 
one made at the writer's headquarters at Flax- 
man Island. 

He presents four methods by which he has 
seen ground ice in formation, and as testi- 
mony in regard to the actual process is of 
great value they are quoted below. 

Formation of und^erground ice a1/)ng the seashore 
through wind pressure. — Along a gravel beach ruaning 
from Cape Smyth toward Point Bart-ow there were In 
the summer of 1908 a number of mounds, the hirgest 
rising 12 or 15 feet above their base level, and with a 
circumference of say 50 feet Some were a considerable 
distance apart, others touched each other and formed a 
sort of double or treble mound. Scratching Into th^se 
heaps with a stick showed that the main body of them 
was ice, with a covering of gravel. Tongues of ice 
had been thrust into the land. When the tide fell and 
the water retreated the main body of the ice broke 
away, leaving pieces, weighing tens of tons, in some 
cases, embedded in the ground. It is probable, because 
of the thinness and porosity of the gravel, and the con- 
sequent penetration through it of every summer 
shower, that even the largest of these ice blocks will 
disappear in a few years and the beach resume ap- 
proximately its formen appearance. Some apparently 
persisted in former times, however, for the icehouse 
dug in the spring of 1908 * * • was excavated 
through gravel mixed with boulders of ice evidently 
formed in muddy water, such as is formed in autumn 
along the beach, where a southwest gale heaps muddy 
slush ice in the shore water. ♦ ♦ ♦ 

Preservation of sea ice under mud deposited by 
rivers. — ♦ * ♦ I have seen the mud layer deposited 
by the water, as it loses its current at the river*s mouth, 
thick enough to preserve ice several inches thick into au- 
tumn of the following year ; with favorable conditions 
it seems that a thin ice layer of one year might be 
added to by a thin layer of the next, and thus ice deltas 
be formed much as mud deltas are in rivers. ♦ ♦ * 

Ice and snow preserved by drifting sand. — On the 
Jones Islands (miscalled Thetis Islands on some 
charts) ♦ ♦ * i found in the summer of 1907 ice 



and snow under a few inches of <iamp sand. This was 
late In July, but it seemed to me evident that the snow 
and ice had been there more than one season. ♦ * • 
It seems that sand drifts there to some extent at all 
seasons, so that a snow bank might get a considerable 
coating before spring and a much thicker one before 
the summer sun had thawed even the unprotected 
drifts near it. * * * 

Ice preserved by the shifting of channel of a mean- 
dering river. — In the banks of the Colville there may 
be found ice outcroppihgs at least 25 to 40 miles from 
the river mouth. ♦ • * As ice benches along cut 
banks are frequently maintained late into the summer, 
even in locations not particularly favorable, and as 
sand bars are often piled up with astonishing rapidity 
in the Arctic rivers, it seems not unlikely that one of 
these benches should now and then be covered with 
sand or mud sufficiently deep to preserve it indefi- 
nitely. 

Mention is made also of the temporary pres- 
ervation of ice and snow by landslides under 
steep banks. 

With regard to method No. 1, undoubtedly 
the friction of the wind upon the surface of the 
ice is one of the chief causes of its motion, but 
currents often move the ice against the wind, 
so that the term " wind pressure " seems objec- 
tionable. The first idea gained by the writer 
from the heading was that ice or snow^ had 
been blown into the ground. This process is 
discussed more fully by the writer on page 173. 
The idea is not original with Stefansson. 
Lopatin suggested it in 1867. 

With regard to method No. 2, the writer's 
observations are negative. SuflScient material 
may be deposited upon the ice at the mouth 
of rivers to preserve it from surface meltings 
but the ice so covered is in a very unfavorable 
location for preservation. The rivers, as a 
rule, break out in May and quickly melt away 
the ice near their mouths, so that there may 
here be open water for several miles two 
months before the ice in general leaves the 
coast. Not only is such ice at the mouths of 
rivers exposed to wave action for almost double 
the time but the warm river water has a much 
greater melting eflfect than that of the ocean. 
The chance of preservation is greatest for ice 
which has formed at high tide upon the mud 
bars, but here it can not attain a thickness of 
more than a foot or so. 

The other two methods are discussed on 
pages 201-202. 

Stef&nsson gives illustrations of the banks 
near Cape Halkett which show ice in appar- 



I. QCOLOOtCAL 



PROFESSIONAL PAFKB 100 PLAT! XXXY 




A. GROUND ICE NEAR CAPE IIALKEIT. 



«M»»'.-«K..'^ 



a. ICE UNDERLYING VEGETATION, SPRUCE CREEK, SEWARD PENINSULA. 





ICE UNDER CREEK ORAVEI^ LOST CREEK. SEWARD PENINSULA. 



GROUND ICE. 



239 



ently irregular detached masses. The draw- 
ings show no slumping at all, so that they pre- 
sumably show the actual boundaries of the ice 
beds. The writer has examined this same 
stretch of coast during a season of good ex- 
posures, and has not seen a single exposure 
where the ice presented such an aspect. As has 
been stated above, the ice here was all in wedge- 
shaped masses. Many slumped exposures 
showed ice sticking through the earth in an 
irregular manner, and the writer is inclined to 
believe that Stefdnsson's sketches were of such 
exposures. 

In another publication Stef &nsson * describes 
the same portion of the coast as follows : 

In many places the face of the cliff showed a series 
of what appear to be boulders of ice embedded in the 
wall of tlie cut bank, somewhat as stones are In earth 
in other places. * * ♦ When the cut bank is as 
much as 16 feet high the base is always exposed, for 
the ice does not seem to go deep down. 

The origin is ascribed to brecciated sea ice 
or buried river ice. 

The writer has never observed the base of 
the ground-ice wedges, even when there were 
good exposures. Plate XXXV, A^ shows about 
30 feet of ice at Cape Halkett. 

OILXORE. 

GiLnore* gives an interesting account of 
the actual formation of ice against banks in 
a manner such that it might be mistaken for 
true ground ice. A slight expansion of this 
process may account for some of the exposures 
described iri^the literature. 

In ascending to the top of the escarpment ♦ ♦ ♦ 
It was found that a mass of frozen muck, estimated 
to be 20 feet long and 15 to 20 feet in thickness, 
with a vertical face of 20 to 30 feet, had moved out- 
ward at its center for fully 50 feet but had not yet 
become detached at its ends. The crevasse formed 
b> the displacement was filled with water to such a 
depth that the bottom could not be found with a long 
pole. Back of the crevasse, in the surface of the 
bluff, were numerous parallel cracks varying from 6 
to 18 inches in width and many feet in length. These 
had water standing in them nearly to the top of 
the ground. The conditions observed here appeared 
to the writer to explain the presence of the ice on 
the faces below. With the advent of winter, as- 
sisted by the already frozen ground, the water in 



the crevasses becomes frozen solid. A subsequent 
outward movement of the blocks would leave the ice 
clinging to the face of either the cliff or the block, 
or both, and under the influence of the rays of the 
summer sun would rapidly smooth the broken and 
ragged edges. On the faces of bkx'ks 1 and 2 [see 
fig. 33] such layers of ice were observed, and where 
protected by the wet mantle of overhanging turf and 
moss were thawing away very slowly. In places the 
ice was so thin the writer, with a few strokes of his 
pick, was able to penetrate it and into the frozen 
muck wall behind.' 

Collie advanced the same theory in 1831 for 
the ice of Eschscholtz Bay. 



^ StefAnssoD, VllhJAlmar, My life among the Eskimo, pp. 
38a-384, 1913. 

'Gilmore, C. W., Smithsonian exploration in Alaska in 
1907: Smithsonian Misc. Coll., vol. 51, pp. 1-38, 1908. 




FiQURE 33. — Cross section of " Palisades " escarpment, show- 
ing formation of superficial ice. 1, 2, 3. Blocks of frozen 
silt; 4^, water level of the Yukon; 4-6, 150-170 feet; 
7, crevasse filled with water; 8, ice on faces; 9, overhang- 
ing tu**f; 10, lacnstrian silts. 

BBOOKS. 

Brooks* describes the ground ice of the 
Kougarok region as follows : 

Along the northward-facing slopes of the valley It 
forms in many places almost continuous layers for 
several miles. It ranges in consistency from a frozen 
mud to almost pure ice. * • * The ice beds, as 
a rule, slope with the valley wall and in some places 
extend up the hillside to a height of a hundred feet 
above the streams. This ice can probably best be 
explained by the accumulation and subsequent solidi- 
fication of winter snow which has become buried by 
the talus and alluvium. 

SMITH. 

Smith " gives two illustrations of ground ice 
which are reproduced in this report (PI. 
XXXV, B, C). Both these views show the 
vertical prismatic crystals so characteristic of 
fresh-water ice. 

"Idem. pp. 20-22. 

* Brooks, A. H., The gold placers of parts of Seward Penin- 
sula, Alaska: U. S. Geol. Survey Bull. 328, pp. 299-300, 
1908. 

^ Smith, P. S., Geology and mineral resources of the Solo- 
mon and Casadepaga quadrangles, Alaska : U. S. Geol. Survey 
Bull. 483, pi. 12, 1918. 
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The same geologist describes the ground ice 
of Noatak River as follows : 

In the upper part of the outwash deposits at many 

places are beds of Ice, more or less mixed with mud 

or silt, but in many places almost pure. A typical 

ice bed 20 feet or more thick is shown. ♦ • * 

[See PI. XXXV, B.] Twigs and branches of willow 

and spruce are in places interbedded in peaty layers 

with the ice, indicating alternations of deposition and 

land surface.* 

XOFFIT. 

Moffit ^ describes ground ice from the Nome 
region as follows : 

Beds of clear ice occur very commonly with the 
gravel deposits of the streams and the Nome tundra. 
Thin beds are associated more closely with the silt 
deposits than the lower gravels, although most of the 
gravels are frozen. Most of the ice beds are either in 
the silts or between the silt and underlying gravel. 
Veins of ice in some places cut across the silt beds, 
and in general ice forms a considerable proportion of 
the silt deposits. 

Ice beds when associated with stream gravels are 
found along the lower slopes between the hills and 
stream channels. They are always overlain by a pro- 
tective covering of some kind, either silt or moss. 
* ♦ ♦ In some localities they are absent altogether 
and In others they reach a thickness of several 
feet. ♦ * * 

The distribution of the ite beds In the coastal plain 
about Nome Is Irregular and dependent on conditions 
that we do not understand. They do not differ In 
appearance or position from those of the stream val- 
leys, and probably were formed much In the same way. 

CJoncernlng the formation of Ice beds of this region 
and of Alaska in general there is a great difference 
of opinion, and it Is evident that the last word on the 
subject has not been said. * ♦ ♦ The burial of 
ice under a thin covering of gravel by spring floods is 
of common occurrence on streams of the Nome region. 
On such of these streams as have wide flood plains 
and low gradients broad sheets of Ice and snow accu- 
mulate, some of which, even if unprotected, last Into 
summer. Many such Ice sheets, however, or portions 
of them are covered during the floods of early spring 
by a few Inches of sand or fine gravel, and when thus 
protected, especially If so situated that the stream does 
not reach them, they may last throughout the sum- 
mer. ♦ ♦ ♦ There can be no question that veins of 
Ice such as are seen cutting the silts in many places 
were formed after the silts were laid down. 

PRIKDLE. 

Beds or lenticular masses of ice 40 feet 
in maximum thickness are mentioned by 

1 Smith, P. S., The Noatak-Kobuk region, Alaska : U. S. 
Geol. Survey Bull. 536. p. 91, 1913. 

* Moffit, F. H., Geology of the Nome and Grand Central 
qoadrangles, Alaska : U. S. Geol. Survey Bull. 538, pp. 
53-54, 1913. 



Prindle' as occurring in the Fairbanks dis- 
trict. In some places they are interbedded 
with muck. A section illustrating this inter- 
bedding is given below : 



Record of shaft on Dome Creek. 



Muck 
Ice.- 



Feet 
6 
9 



Muck 12 

Ice 11 

Muck 44 

Gravel 35 

As no details of the structure or horizontal 
extent of the ice beds are given, no conclusion 
can be drawn as to the processes of formations. 
The interbedding is best explained as being 
successive deposits of aufeis in a region where 
deposition was building up the general level. 
If the muck includes no river-borne material 
immediately over the ice, this explanation can 
hardly be correct. 

DISTBIBTJTION OF GKOmn) ICE. 

As already stated, wherever the ground is 
permanently frozen ground ice may exist. Its 
actual distribution seems limited somewhat 
both by the topography and the character of 
the deposits. Holmsen * states that it is lack- 
ing upon slopes. Although this statement 
is generally true, several exceptions have been 
mentioned. The writer has noted ground ice 
upon the seaward slopes of the upland south 
of Camden Bay. The country at Eschscholtz 
Bay and also at some of the Siberian localities 
is described as undulating. Fresh exposures 
are ordinarily required to reveal the presence 
of the ice, and as such exposures are rare ex- 
cept near water, the ground ice may be some- 
what more generally developed on slopes than 
present observation seems to indicate. 

Of course ground ice is not to be expected 
in hard rock but in what would be unconsoli- 
dated deposits if they were not cemented by 
frost. Of the unconsolidated deposits some are 
more favorable for the formation of ground 
ice than others. Coarse sand and gravel de- 
posits seem to have much less ice than clay and 
silt. The most favorable material is muck. 

"Prlndle, L. M., A geologic reconnaissance of the Pair- 
banks quadrangle, Alaska : U. S. Oeol. Survey BuU. 525, 
p. 93, 1913. 

* Holmsen, Gtinnar, op. clt., p. 181. 
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Typically the ice does not occur in great 
continuous sheets but in isolated masses. Even 
the great deposits of the New Siberian Islands 
have many inclusions of earth. Horizontal 
sheets over 1,000 feet in length have been met 
with in constructing ditches, but most of the 
ice masses are less than 100 feet in diameter. 
The writer shows that in the Arctic tundra 
of Alaska the ice is distributed in a network 
of vertical wedges, and from the evidence in 
the literature he is of the opinion that this dis- 
tribution is typical of many widely separated 
areas. 

Although a few occurrences of ice are re- 
ported at places where the upper surface of 
the ice lies at a considerable depth, as a rule 
it lies at or close to the limit of annual thaw- 
ing. The lower limit is of course variable. 

To sum up the distribution of ground ice, 
we find that it may occur in any region where 
the ground is deeply frozen, especially in 
muck deposits in level areas. 

AOE OF OEOTTND ICE. 

The age of the ice may be equal to or less 
than that of the cold climate under which it 
was formed. In the discussion of the age of 
the frozen ground we found a thousand years 
as a lower limit. The ice may be this old, at 
least. 

The relative ages of the ice and frozen 
ground will of course be different, according 
to the methods of formation of the ice. A 
body of ice that is buried and preserved may 
be nearly contemporaneous with the ground 
formation. Where the ice is formed in place, 
it will of course be younger. 

Such methods of formation by burial as are 
possible under modern conditions can not 
point to a very great age, nor can the doubt- 
ful method of formation in place advanced by 
Tyrrell. Belcher's theory, as elaborated by 
Holmsen, is also very doubtful, and nothing is 
known of the rate of supposed upward growth 
of the ice. 

The theory of burial of great Pleistocene 
snow fields, as advanced by Toll and others, 
necessitates such changes in climate that the 
postulated great age should be questioned. 

If the theory of the origin of the wedge 
shaped masses of ice is true, as outlined above, 

16344°— 18 16 



we have a method of estimating the age of the 
ice with a fair degree of accuracy. The width 
of the wedge and the rate of growth are all 
that is necessary for this calculation. The 
width is readily ascertained, and a rough esti- 
mation from field evidence may be made of the 
rate of growth. In the area studied by the 
writer an age of 500 to 1,000 years is indicated. 

It is possible to ascertain the rate of grow^th 
much more accurately by actual measurements 
over a series of years, as is* suggested under 
the discussion of this form of ice (p. 211). 
With a value thus found, a much more re- 
liable estimate of the age of the wedges might 
be made. 

The presence of frozen mammoth remains, 
including even the flesh, in regions of ground 
ice has attracted much more attention to the 
ice than it otherwise would have received. 
The earlier opinion was that the mammoth 
were found in the ice. This opinion gave rise 
to many fantastic theories. The later ob- 
servers seem agreed that no mammoth remains 
are ever found in the ice itself, but in the 
earth above the ice or included in it. Accord- 
ing to the theory of the preservation of snow- 
drifts bv burial, the mammoth must have ex- 
isted long after the cold climate had settled 
down over the Arctic regions, but if the ice 
has grown in place in the ground they may 
have died out as the cold became intense. 

STJMMAKY. 

Erroneous conclusions have been drawn as 
to the distribution of ground ice, chiefly from 
observations of poor exposures. Scattered 
outcrops of ice are grouped into a single heavy 
bed of clear ice when, as a matter of fact, the 
ice in the ground may be only slightly in excess 
of that actually visible. Careful examination 
has revealed the existence of the following 
kinds of ground ice: (1) Grains of clear ice, 
the largest an inch in diameter, mixed with 
earth; (2) thin undulating sheets or ribbons 
of ice alternating with thin beds of earth; 
(3) heavy horizontal beds of clear ice; (4) 
heavy beds of ice alternating with beds of 
earth; (5) heavy deposits of ice with isolated 
earth inclusions; (6) a network of vertical 
wedges of ice surrounding polygonal bodies of 
earth. 
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The first two kinds are of minor importance, 
and no satisfactory explanation of their origin 
has been given. The third kind is met with 
chiefly upon flood plains of rivers, and is best 
explained as resulting from the burial of aufeis 
by spring floods. The fourth kind is not com- 
mon. It may represent a building up of the 
surface of the ground by successive deposits 
of ice like the third kind. No satisfactory ex- 
planation has been given for the fifth kind of 
ice, the New Siberian type. The writer thinks 
that the wedge theory may furnish the best 
explanation. The sixth kind of ice is of wide- 
spread occurrence upon the coast of Arctic 
Alaska; it probably exists also in Spitzbergen 
and Siberia. 

Only two theories as to the formation of 
ground ice are recognized as being of im- 
portance — (1) burial of aufeis by material 
moved by spring floods; (2) formation of ver- 
tical wedges of ice by growth in place. 

Other theories which are recognized as pos- 
sible but not probable are the following: 
(1) Burial of heavy widespread deposits of 
snow by transported material; (2) burial of 
ponds by floating vegetation; (3) growth of 
beds of ice in place from concentration of 
moisture in the ground. 

If heavy beds of gi'ound ice were formed by 
the burial of snow, the age indicated is very 
great. A sufficient amount of snow would be 
furnished only in glacial time. All the other 
methods are capable of originating ground ice 
under modern conditions and so do not indi- 
cate a great age for the ice. The only process 
capable of yielding quantitative results is that 
giving rise to the wedge-shaped masses of ice. 
From this an age of 500 to 1,000 years is esti- 
mated for the ice of the north coast of Alaska. 
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Dea.se, P. W., and Simp.son, Thomas, exploration by 73-70 

Identification of places named by 89-90 

Dease Inlet, discovery of 75 
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Deerskins, source of 6.3 
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Dogs, use of 25,26 
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Eider ducks, prevalence of 64 
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Equipment for summer, description of 25-26 

for winter, description of 21-25 

scientific, selection and use of 29-31 
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Erosion by frost 176 
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by ocean waves 172-173 
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by sea Ice 178-175 

by wind 175-176 

of coast line, rate of 171 
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NUMMfled formation of gravel mounds by 158-154 
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ground ice on, discussion of the literature of 284 
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medicine men of, tales told by 60 
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Ethnology, work on 48 

Exploration, bibliography of 69 

expense of li 

history of 71-87 

outline of * 11 

P. 
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Faulting, Kingak formation cut out by 121 

Fawn Creek, drowned valley of 170 
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Figurln, — , on ground ice In Siberia 215 

Firth River, location of 84, 91 

Fish, prevalence of 66-66 

Flaxman formation, age of 148-149 

literature on 149 

nature of 142-145 

occurrence of 145-146 

origin of 146-148 
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ing 142 
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discovery of 71 
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ground ice on 144—145,149 
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origin of name of__ 95 
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ponds on, plates showing 203 

provision rack at, plate showing 20 

surveying of 16 
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Flood ice. See Aufeis. 

Floods, river, ice covered by 201-202 

Foggy Island, Flaxman formation on 146 

Food, selection and care of 26-27 

Fossils, occurrence of 100.108,109-110, 
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Foxes, trapping of, for fur 66 
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exploration by 71-73 

identification of places named by 87-89 

Rranklln Mountains, description of 50-51 

discovery of 73 

double fold at nortliern front of, plate showing. _ 164 

drainage in 167 

even sky line of, plate showing 166 

flat-topped area in, plate showing 166 

structure of 163-164 
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Frazil ice. ^'ee Ice, frazil. 

Freight, rates and roulos for 67-68 

Frost cracks, plates showing 205, 206 

Frost crystals, structure of 200 

Funston, Gen. Frederick, exploration by 84, 91 

Fur trading, result of 11 
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Geese, prevalence of 65 

Geography of the region 48-87 

Geologic trips, promising 101-102 

Geologic work, prior 100-101 
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historical, outline of 105-166 

Geomorphology, outline of 166-177 

Gilmore, C. W., on the origin of buried ice 239 

Girty, G. II., fossils determined by 109-111. 114-115 

Glacial deposltj», climate not surely indicated by 176 

Pleistocene, nature and distribution of 13.'V-142 

Recent, nature of 156-158 

Glaciatlon, supposed formation of gravel mounds by 154 

Glaciers, ground ice not formed from 226 

Pleistocene, nature and extent of 141-142, 166 

8ee <U80 Aufeis, formation of. 

Gold, occurrence of 178 
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Granite, age of 127-128 

nature and occurrence of 126 

structure of 127 
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origin of 153-155 
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Grayling, prevalence of 66 
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frozen, drpth of 182-184 
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horizontal distribution of 180-181 
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vertical distribution of 181-187 
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potholes in 230-231 
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Gubik sand, nature of 150 

Guns, selection and care of * 29 

Gwydyr Bay, discovery of 73 
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Harrison, A. H., cited 162 

Harrison Bay, discovery of 74 
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sled trip to 13 

Herz, O. F., on ground ice in Siberia 221 

work of, discussed 223 

Holmsen, Gunnar, on ground ice on Spltzbergen 224-228 

work of, discussed 228-231 

Hooper, Capt., on ground ice on Eschscholtz Bay, 

Alaska 2.32, 234 

Hooper, Lieut. W. IL, narrative of 77 

House and sheds at Flaxman Island, plate showing. _ 20 

Houses, construction of 19-21,22-23 

Howard, Ensign W. L.. exploration by 83,91 

Hulahula River, aufeis on 159 

description of 56 

development of 172 

evidence of a Pleistocene glacier on 135-136 

origin of name of 92.96 

probability of glaciers on 157 

structural foaturos on 164 

Hummocks, description of 53 

Hydraulic pressure, supposed formation of gravel 

mounds by 154, 170 

I. 

Ice, anchor, formation of 197-198 

anchor, structure of 200 

conglomeratic, formation of 159 

crystallization of 198-201 

drifting of, against the wind 175 

erosion by 173-175 

formed from snow, features of 194-195 

frazil, formation of 197 

structure of 200 

fresh-water, air content of 199-200 

crystallization of 199-200 

ground-ice deposits /rom 195-196 

glacier, pround-ice deposits from 105 
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in Beaufort Sea, movement of 59-60 

plates showing 159, 160 

laminated, formation of 159-160 

mixed, ground ice from 198 

old, nature and occurrence of 100-162 
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showing 167 

preserved under a slumping bank, plate 

showing 202 

pressure ridges on 159 

recent, special forms of 159-162 

salts removed from 200 

structure of 198-201 

under creelc gravels on Seward Peninsula, plate 

showing 238 

underlying vegetation on Seward Peninsula, plat© 

showing 238 

See also Aufels, Ground ice, and Ice wedges. 

Ice-borne material, deposition of 174-175 

Ice foot, absence of 174 

Ice wedges, air bubbles in 207,208 

earth includwl in 20.S 

exposures of 210 

formation and growth of 200. 211, 212 

in the Flaxman formation "_ 144—145 

mantle covering 209-210 

material inclosing 211 

movement of earthy materials by 176 

results of melting of 177 

shape and depth of 206-207 

structure of ice in 207-208 

theory of, as stated by Bunge 219, 220 

Icebergs, drift carried by 147 

Ignek formation, age of 124-125 

correlation of 125 

nature and occurrence of 120-124 

Ikiakpaurak Valley, formation of 164 

Ikiakpuk Valley, formation of 164 

Instruments, selection and use of 29-31 

Islands, age of, indicated by vegetation 171 

permanence of 45 

Itinerary of the expedition 13-18 

Itkillik River, features of 58 
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Jago, Lieut., exploration by 79-80, 91 

Jago River, features of 58 

glaciers on 158 

origin of name of 92,96 

Jenness, Diamond, place names collected by 87 

Jurassic sediments, nature and deposition of 119-125, 165 

K. 

Kadleroshilik Creek, mound on 151, 154 

Katakturuk River, ground ice on 214 

Keewatln Glacier, material transported northward by_ 148 

Kelleft. Cnpt., on ground ice in Alaska 232, 234 

Kidd, D. A., McConnel, J. C, and, cited 199 

Kindle. E. M., fossils determined by 112 

Kingak shale, age of 119 
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nature and occurrence of 119 
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Knowlton, F. 11., fossils determined by 125 
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Kuparuk mound, features of 151, 154 
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Lake Peters, features of 57 
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plate showing 50 
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showing 142 
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Mendenhall, W. C, on the origin of ground ice 236 
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MlddendorfT, A. T. von. cited 182, 185 

on ground ice in Siberia 215-216 
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of 105-113, 165 
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ice 217 
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O. 

Observations, suggestions on method of making 31, 32-36 

Ocean waves, erosion by 172-173 
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west fork of. glacier on 156-167 

plate showing 157 
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Oliktok Point, origin of name of 08 
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Owls, use of, for food 64 
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Pleistocene sands and muds near 149-150 
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Polygon field, erosion of, plate showing 206 
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Polygonal markings, description of 53 

production of 176 
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Reed, James L., and Lucas. Walter, exploration by 85 
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Reindeer Island, location of 38 
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description of 56-57. 167 
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Pleistocene glacier on, evidence of 136-138 
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correlation of 115 
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origin of name of 99 
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St. Lawrence Island, sea ice on 178 
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nature and occurrence of 149 

wind-blown 175-176 

Ice covered by 202 
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Sea wash. Ice covered by 202 
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correlation of 118 
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ice covered by 202-20a 
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icing the runners of, plate showing ^ 24 
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Smallwood Creek, depth of frozen ground on 182 
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PREFACE. 



By F. L. Ransome. 



In the summer of 1912 Adolph Knopf was 
instructed by Waldemar Lindgren, then chief 
geologist and in charge of the section of metal- 
liferous deposits of the United States Geologi- 
cal Survey, to investigate the geology and 
mineral resources of the Inyo Range, and to 
give particular attention to the mining dis- 
tricts. As Walcott and others had shown that 
the range contained a full representation of 
Paleozoic sedimentary rocks, Edwin Kirk, 
paleontologist, was assigned to assist Mr. 
Knopf in the study of the stratigraphy of 
these beds. 

The field work, so far as it related to the 
mineral deposits, was completed in 1912, and a 
report ^ on the economic geology of the region 
examined was published in 1913. The work 
might have stopped at this point, but in view 
of the unusual geologic interest of the region, 
which includes a section of the fault zone which 
divides the Sierra Nevada from the Great Basin 
and along which movement has taken place up 
to very recent time, Mr. Knopf, assisted by F. H. 
Lahee, was instructed to continue studies in the 
same region in 1913 and to give special atten- 
tion to problems connected with the geologic 
history of the Sierra Nevada and with the 
structural relation of that range to the lower 
arid country on the east. The work accord- 
ingly was extended across Owens Valley to 
include part of the steep eastern front and a 
section of the summit region of the range. 

Modern geologic knowledge of the southern 
Sierra Nevada may be said to begin with the 
publication of A. C. Lawson's paper on the 
geomorphogeny of the upper Kern basin.* The 

^ Knopf, Adolph, Mineral reRources of the Inyo and White 
mountains, Cal. : U.S. Geol. Survey Bull. 640, pp. 81-120, 1014. 

> California Univ. Dept. Geology Bull., vol. 3, pp. 291-376, 
1904. 



area studied by Mr. Knopf overlaps in part 
that studied by Prof. Lawson, whose work is to 
some extent thus supplemented by that of Mr. 
Knopf. The more recent study, however, has 
led to the conclusion that glaciers had a larger 
share in shaping the canyons than is accorded 
to them by Prof. Lawson. Mr. Knopf, more- 
over, differs from his predecessor in assigning 
the second and major uplift of the Sierra Ne- 
vada to early Quaternary rather than to late 
Quaternary time. Additional light on these 
questions should be afforded by the results of 
the detailed work now being done in the Yo- 
semite region by F. E. Matthes and F. C. 
Calkins. Mr. Knopf differs from Prof. Lawson 
also in his interpretation of the "Summit 
Plateau," which Prof. Lawson regarded as a 
surface approximately coincident with the 
original top of the Sierra Nevada batholith. 
The present repoil offers convincing evidence 
not only that the batholith is a composite in- 
trusive mass, offering a fine subject for petro- 
logic study, but that the overlying rock cover, 
as shown by parts of it not yet wholly stripped 
away, was exceedingly irregular and affords 
fine examples of long roof pendants. Accord- 
ing to Mr. Knopf the peaks that Prof. Lawson 
supposed to be remnants of the Summit Pla- 
teau are merely projections of resistant rock 
left in relief during the erosion of the Sub- 
summit Plateau and are remnants neither of 
the top of a batholith nor of an old erosion 
surface. 

The evidence for two epochs of Quaternary 
glaciation is convincingly .set forth, and the 
careful obseri^ations of the results of glacial 
action recorded will be of great value in fur- 
ther studies of the later geologic history of thB 
Sierra Nevada. 
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OUTLINE OP REPORT. 




GENERAL GEOLOGY. 

The region described in this report com- 
prises Owens Valley, in eastern California, 
and the portions of the Inyo Range and the 
Sierra Nevada between which it lies. (See 
Pis. I and II, in pocket.) The Sierra Nevada, 
bordering the valley on the west, here attains 
its loftiest height, culminating in Mount WTiit- 
ney, which rises 14,501 feet above sea level; 
and here also it attains its greatest relief, ris- 
ing abruptly 8,000 feet above Owens Valley. 
The Inyo Range, bordering the valley on the 
east, averages 10,000 feet in altitude — some- 
what less than the Sierra Nevada. It is a 
typical Great Basin range, which rises above 
the vaUey in a steep scarp that is less rugged 
than that of the Sierra Nevada. 

Owens Valley, lying between these two 
mountain masses like a deep trough, ranges in 
width from 2 to 8 miles. A few isolated 
groups of hills project through the alluvial 
floor of the valley, but they are dwarfed into 
insignificance by the lofty bordering ranges. 
The highest of these hills is Crj^ter Mountain, 
so named from the basaltic cinder cone form- 
ing its summit, which stands 2,000 feet above 
the floor of the valley. 

The drainage of the region is derived almost 
wholly from the Sierra Nevada. The prin- 
cipal stream is Owens River, which empties 
into Owens Lake, at the south end of the 
valley. 

The sedimentary rocks of the Inyo Mountains 
are more than 36,000 feet thick and range in 
age from pre-Cambrian to Triassic. The Si- 
lurian is the only Paleozoic system not repre- 
sented. Although the rocks of the successive 
systems are as a rule separated by unconformi- 
ties, the strata, from the base to the top of the 
stratigraphic column, are without conspicuous 
angular discordances. However, in post-Tri- 
assic time, probably late in the Jurassic period, 



the beds were faulted and folded and the 
region was then invaded by great masses of 
quartz monzonite and allied rocks. During 
this revolution the Inyo Range acquired the 
major portion of its complex internal tstruc- 
ture, but it accjuired its present topographic 
form by profound faulting that occurred at 
the end of Tertiary time. During this faulting 
the range was blocked out diagonally to the 
structural axes established by the earlier de- 
formation. 

Underlying the lowest beds of the Cambrian 
system and separated from them by a 'pro- 
nounced erosional unconformity is a great 
thickness of sandstone and dolomite which is 
regarded as of pre-Cambrian age. These 
rocks may be subdivided into three lithologic 
units — a series of sandstones and thin-bedded 
impure dolomites at the bottom, the Reed dolo- 
mite above these, and, locally, the Deep Spring 
formation at the top. The Reed dolomite is 
well exposed in the northern part of the 
Bishop quadrangle, and is best known on Wy- 
man Creek, in whose gorge it is exposed to a 
thickness of 2,000 feet. The Deep Spring for- 
mation consists of 1,600 feet of sandstone and 
dolomitic limestones. In places it appears to 
have been completely removed by erosion be- 
fore the overlying Cambrian strata were de- 
posited. 

The Cambrian system has an aggregate 
thickness of more than 12,000 feet, represent- 
ing Lower, Middle, and Upper Cambrian time. 
Ix)wer Cambrian rocks predominate, having a 
thickness of at least 10,200 feet. They are sub- 
divided into the Campito sandstone, which 
forms the base of the system, and the overlying 
Silver Peak group. The Campito sandstone, 
3,200 feet thick, consists chiefly of dark fine- 
grained feldspathic quartzite with many thm 
argillitic or phyllitic partings. Cross-bedding 
and ripple-marked surfaces are characteristic 
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of the formation. No fossils have been found in 
it Toward the top it grades into the Silver 
Peak group, and because of this gradation, as 
well as the occurrence of sandstone at some 
horizons in it similar to that in the Silver Peak, 
it has been placed in the Cambrian system. 
The Silver Peak group, 7,000 feet thick, con- 
sists largely of calcareous shales, sandstones, 
and limestones. Fossils occur in sediments of 
all three types. The Middle Cambrian, which 
has not heretofore been recognized in this 
region, is represented by 900 feet of calcareous 
sandstone and limestone. Above these ai'e 
about 1,000 feet of arenaceous limestones and 
shales of Upper Cambrian age. 

Ordovician rocks are widely exposed through- 
out the. Inyo Eange. They overlie the Cam- 
brian conformablv. The basal series, which 
consists of heavy-bedded limestones aggregat- 
ing 3,800 feet in thickness, is correlated with 
the Pogonip limestone of the Eureka section 
and is therefore of Lower Ordovician (chiefly 
Beelgnantown) age. Above this lies a series of 
argillaceous limestones, 500 feet thick, also of 
Lower Ordovician (Chazy) age; and resting 
on this is a series of arenaceous shales, 750 feet 
thick, also of Lower Ordovician (Normanskill) 
age. 

Above the Ordovician rocks are 1,400 feet of 
impure thin-bedded limestones of Devonian 
age, which are correlated with the Nevada 
limestone. They are best exposed in the foot- 
hills east of Kearsarge (formerly called Cit- 
rus), where they are exposed from the Ordo- 
vician to the Mississippian. 

The Carboniferous system is represented by 
Mississippian, Pennsylvanian, and Permian 
strata, aggregating in thickness at least 8,000 
feet. The Mississippian is represented by the 
White Pine shale, 1,000 feet thick. Its base is 
marked by a 5-foot bed of conglomerate, indi- 
cating an unconformity, but the formation 
rests in angular accordance on the subjacent 
Devonian. The Pennsylvanian comprises, in 
ascending order, 500 to 1,000 feet of limestones, 
overlain by the Diamond Peak quartzite, 3,500 
feet thick, bv later Pennsvlvanian limestone 
and shale 3,000 feet thick, and by the Reward 
conglomerate, 250 feet thick. The Diamond 
Peak quartzite appears to rest unconformably 
upon the underlying basal Pennsylvanian lime- 
stones. The later Pennsylvanian limestone is 



well exposed southwest of Cerro Gordo where 
it consists of an assemblage of beds of lime- 
stone generally ranging in thickness from 6 
inches to 2 feet. These beds weather in bril- 
liant tints and closely resemble the overlying 
1'riassic rocks from which, however, they are 
readily distinguished by the presence of Fvsu- 
lirui^ The Reward conglomerate is a notable 
member of the Carboniferous. At the type lo- 
cality it is highly lithified and consists largely 
of chert i>ebbles; farther south it contains, at 
several horizons, well-defined potholes as much 
as 2J feet in diameter, whose inner surfaces 
are polished, indicating that it is of fluvial 
origin. 

The Permian is represented by the Owcnyo 
limestone, which is 125 feet thick and carries 
abundant marine fossils of Spiriferirui pulckta 
fauna. Both the base and the top of the for- 
mation are exposed. The top of the limestone 
is weathered and irregular. 

The Triassic rests on the weathered Per- 
mian in sharply defined and clearly marked 
unconformity. Its basal member is a calcare- 
ous sandstone, inclosing conglomeratic lenses 
and capped by mud-cracked limestone and at- 
tains a maximum thickness of 12 feet. The 
typical Triassic commences sharply above the 
basal bed. It consists of calcareous shales and 
thin-bedded arenaceous limestone. In the 
higher part of the section andesitic tuffs and 
breccias predominate. Because of the complex 
folding and faulting, the thickness could not 
well be determined, but it is thought to exceed 
6,000 feet. 

The Tertiary and Quaternary systems are 
represented by detached areas of lake beds and 
by alluvial cones of great height and wide 
areal extent.. The lake beds of the different 
areas can not well be correlated, as some con- 
tain fresh-water gastropods, others fresh- 
water diatoms, and still others brackish-water 
or marine ( ? ) ostracodes. The largest area of 
lake beds occupies the broad depression between 
the Inyo and Coso mountains; they consist of 
arkose, shale, calcareous sandstone, and rhyolite 
breccias and tuffs. They carry minute ostra- 
codes, which, according, to Ulrich, indicate 
brackish-water or even marine conditions, but 
the probability that they are of marine origin 
api)ears to be small. After they were deposited 
they were partly covered by basalt, and subse- 
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quently the Inyo Range was blocked out by 
step faulting. 

The great alluvial cones that flank the 
mountains between which Owens Valley lies 
constitute one of the most striking features of 
the region. Their development differs notably 
en the two sides of the valley ; along the Sierra 
Nevada they overlap and form a continuous 
alluvial slope that merges almost imperceptibly 
into the valley floor, but along the Inyo Range 
they occur only at the mouths of the canyons 
and are distinct topographic units which stand 
out in bold contrast to the level floor of the 
valley. 

The alluvial slope that flanks the Sierra 
Nevada is 1 to 7 miles wide. The apexes of 
the cones stand 1,000 to 2,000 feet above the 
valley, but it by no means follows that any of 
the alluvial cones are 2,000 feet or more thick. 
The average inclination of the alluvial slope is 
brtween 6^ and 7*^. 

Alluvial cones of two ages occur along both. 
flanks of the Inyo Range, but they are espe- 
cially prominent along the western. The older 
cones stand 2,600 feet above the floor of Owens 
Valley, and, unlike those flanking the Sierra 
Nevada, extend well back into the canyons 
from which their material was derived. Thev 
differ also from those along the base of the 
Sierra in that they are deeply dissected and 
eroded, some of them to a depth of 500 feet. 
Their partial destruction has yielded the al- 
luvium which makes up the great cones that 
project so conspicuously into Owens Valley. 
ITieir erosion was begun by a renewal of fault- 
ing along the base of the Inyo Range and ap- 
pears to have been accelerated by the advent of 
the mort humid conditions of the first glacial 
epoch. The later history of the alluvial de- 
posits indicates a succession of climatic condi- 
tions similar to those recorded by the gla- 
cial deposits on the east slope of the Sierra 
Nevada. 

Igneous rocks are widely distributed in the 
region. The oldest whose age is definitely 
known are a series of andesitic lavas and brec- 
cias of Middle Triassic age, which are best 
shown in the Inyo Range, where they are at 
least 4,500 feet thick. Rocks presumably of 
thir aMW fi|rr make up the Alabama Hills in 
(hmfUmv and form roof pendants in the 

isses of the Sierra. In these de- 




posits considerable rhyolite is associated with 
the andesite. 

The extrusion of these rocks was followed 
by intense folding, after which, probably in 
late Jurassic or early Cretaceous time, there 
were great intrusions of granitic rocks. The 
escarpment of the Sierra is composed domi- 
nantly of such rocks, which are exposed on 
Lone Pine Creek through a vertical range of 
8,000 feet, probably unduplicated by faulting. 
Quartz monzonite is the predominant rock, and 
is represented by two varieties — a normally 
granular quartz monzonite and a porphyritic 
variety containing larg^ crystals of orthoclase. 
These two varieties grade into each other, but 
the zone of transition is narrow. In the Mount 
Whitney region, where the relation between 
them is best displayed, the normal quartz mon- 
zonite lies below the porphyritic variety, which 
makes up the summit region of the range. 
The porphyritic quartz monzonite persists with 
little change of composition or texture over a 
wide area and forms the largest homogeneous 
mass of granitic rock in this part of the Sierra. 
Its smaller specific gravity, coupled with its 
occurrence in the topmost part of the range, 
suggests that it is a gi'avity differentiate^ in 
which the prevalence of phenocrysts of ortho- 
clase is due to the flotation of crvstals of or- 
thoclase from the lower parts of the magmatic 
chamber. Chemical analysis, however, fails to 
show the enrichment in potash demanded by 
this explanation, and the petrographic data 
suggest that the porphyritic development of 
the orthoclase is more probably due to its more 
rapid crystallization, starting from a few cen- 
ters of crvstallization. The possibilitv that 
gravity has controlled the differentiation of 
the other constituents is not, however, ruled 
out. 

A younger rock than these quartz monzo- 
nites is a coarse light-colored granite, which is 
practically barren of dark minerals. It is 
composed of albite, quartz, and orthoclase, in 
the order named, with about 1 per cent of bio- 
tite. This granite forms large areas of homo- 
geneous rock throughout this part of the 
Sierra. 

Diorite and hornblende gabbro occur in 
minor amounts. A notable feature of the es- 
carpment is the extraordinary development of 
plutonic complexes consisting of hornblende 



<i« t 



•:i v» ■» 



■ Z .i 

to 

i,- 



10 



GEOLOGIC RECONNAISSANCE OF INYO RANGE. 



of the formation. No fossils have been found in 
it Toward the top it grades into the Silver 
Peak group, and because of this gradation, as 
well as the occurrence of sandstone at some 
horizons in it similar to that in the Silver Peak, 
it has been placed in the Cambrian system. 
The Silver Peak group, 7,000 feet thick, con- 
sists largely of calcareous shales, sandstones, 
and limestones. Fossils occur in sediments of 
all three types. The Middle Cambrian, which 
has not heretofore been recognized in this 
region, is represented by 900 feet of calcareous 
sandstone and limestone. Above these ai-e 
about 1,000 feet of arenaceous limestones and 
shales of Upper Cambrian age. 

Ordovician rocks are widely exposed through- 
out the. Inyo Eange. They overlie the Cam- 
brian conformably. The basal series, which 
consists of heavy-bedded limestones aggregat- 
ing 3,800 feet in thickness, is correlated with 
the Pogonip limestone of the Eureka section 
and is therefore of Lower Ordovician (chiefly 
Beelgnantown) age. Above this lies a series of 
argillaceous limestones, 500 feet thick, also of 
Lower Ordovician (Chazy) age; and resting 
on this is a series of arenaceous shales, 750 feet 
thick, also of Lower Ordovician (Normanskill) 
age. 

Above the Ordovician rocks are 1,400 feet of 
impure thin-bedded limestones of Devonian 
age, which are correlated with the Nevada 
limestone. They are best exposed in the foot- 
hills east of Kearsarge (formerly called Cit- 
rus), where they are exposed from the Ordo- 
vician to the Mississippian. 

The Carboniferous system is represented by 
Mississippian, Pennsylvanian, and Permian 
strata, aggregating in thickness at least 8,000 
feet. The Mississippian is represented by the 
White Pine shale, 1,000 feet thick. Its base is 
marked by a 5-foot bed of conglomerate, indi- 
cating an unconformity, but the formation 
rests in angular accordance on the subjacent 
Devonian. The Pennsylvanian comprises, in 
ascending order, 500 to 1,000 feet of limestones, 
overlain by the Diamond Peak quartzite, 3,500 
feet thick, bv later Pennsvlvanian limestone 
and shale 3,000 feet thick, and by the Reward 
conglomerate, 250 feet thick. The Diamond 
Peak quartzite appears to rest unconformably 
upon the underlying basal Pennsylvanian lime- 
stones. The later Pennsylvanian limestone is 



well exposed southwest of Cerro Gordo where 
it consists of an assemblage of beds of lime- 
stone generally ranging in thickness from 6 
inches to 2 feet. These beds weather in bril- 
liant tints and closely resemble the overlying 
1'riassic rocks from which, however, they are 
readil}"^ distinguished by the presence of Fusur 
Una, The Eeward conglomerate is a notable 
member of the Carboniferous. At the type lo- 
cality it is highly lithified and consists largely 
of chert pebbles; farther south it contains, at 
several horizons, well-defined potholes as much 
as 2J feet in diameter, whose inner surfaces 
are polished, indicating that it is of fluvial 
origin. 

The Permian is represented by the Owenyo 
limestone, which is 125 feet thick and carries 
abundant marine fossils of Spirifey'bui pulchra 
fauna. Both the base and the top of the for- 
mation are exposed. The top of the limestone 
is weathered and irregular. 

The Triassic rests on the weathered Per- 
mian in sliarply defined and clearly marked 
unconformitv. Its basal member is a calcare- 
Gus sandstone, inclosing conglomeratic lenses 
and capped by mud-cracked limestone and at- 
tains a maximum thickness of 12 feet. The 
typical Triassic commences sharply above the 
basal bed. It consists of calcareous shales and 
thin-bedded arenaceous limestone. In the 
higher part of the section andesitic tuffs and 
breccias predominate. Because of the complex 
folding and faulting, the thickness could not 
well l>e determined, but it is thought to exceed 
6,000 feet. 

The Tertiary and Quaternary systems are 
represented by detached areas of lake Ixeds and 
by alluvial cones of great height and wide 
areal extent. The lake beds of the different 
areas can not well be con-elated, as some con- 
tain fresh-water gastropods, others fresh- 
water diatoms, and still others brackish- water 
or marine ( ? ) ostracodes. The largest area of 
lake beds occupies the broad depression between 
the Inyo and Coso mountains; they consist ol 
arkose, shale, calcareous sandstone, and rhyolite 
breccias and tuffs. They carry minute ostra- 
codes, which, according, to Ulrich, indicate 
brackish-water or even marine conditions, but 
the probability that they are of marine origin 
appears to be small. After they were deposited 
they were partly covered by basalt, and sab8»- 
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quently the Inyo Range was blocked out by 
step faulting. 

The great alluvial cones that flank the 
mountains between which Owens Valley lies 
constitute one of the most striking features of 
the region. Their development differs notably 
en the two sides of the valley ; along the Sierra 
Nevada they overlap and form a continuous 
Diluvial slope that merges almost imperceptibly 
into the valley floor, but along the Inyo Range 
they occur only at the mouths of the canyims 
• and are distinct tojiogruphic units which stand 
out in bold contrast to the level floor of the 
valley. 

The alluvial slope that flanks the Sierra 
\evada is 1 to 7 miles wide. The apexes of 
the cones stand 1,000 to 2,000 feet alwve the 
valley, but it by no means follows that any of 
the alluvial cones are 2.000 feet or more thick. 
The average inclination of the alluviid slope is 
between 6° and 7°. 

Alluvial cones of two ages occur along both 
fianks of the Inyo Range, but they are cs]>e- 
■ cially prominent along the western. The older 
cones stand 2,600 feet above the floor of Owens 
Valley, and, unlike those flunking the Sierra 
Nevada, extend well back into the canyons 
from which their material was derived. They 
differ also from those along the base of the 
Sierra in that they are deeply dissected and 
eroded, some of them to a depth of -WO feet. 
Their partial destruction has yielded the al- 
luvium which makes up the great cones that 
project so conspicuously into Owens Valley. 
Their erosion was begun by a renewal of fault- 
ing along the base of the Inyn Range and ap- 
pears to have been accelerated by the advent of 
the more humid conditions of the first glacial 
epoch. The later history of the alluvial de- 
pofiits indicates a succession of climatic condi- 
tions similar to those recorded by the gla- 
cial deposits on the east slope of the Sierra 
Nevada. 

Igneous rocks are widely distributed in the 
re^on. The oldest whose age is definitely 
known are a series of andesitic lavas and brec- 
cias of Middle Triassic age, which are IwRl 
shown in the Inyo Range, where they are at 
least 4,500 feet thick. Rocks presiimubly of 
the msat age make up the Alabumit HtUn in 
Chtmu Valley and fonx n-nf |H-iMlanl» iti tb* 
Itttbolitfa'io nuis.se- ..f iht >rti- 



11 

posits considerable rhynlite is associated with 
the andesita. 

The extrusion of these rodis was followed 
by intense folding, after which, probably in 
late Jurassic or early Cretaceous time, there 
were great intrusions of granitic rocks. The 
escarpment of the Sierra is composed domi- 
niintly of such rwUis, which are exposed on 
I^one Pine Creek through a vertical range of 
8,000 feet, probably unduplicated by faulting. 
Quartz raonzonite is the predominant rock, and 
is represented by two varieties — a normally 
granular quartii monzonite and a porphyritic 
variety containing large cry.stals of orthoclase. 
These two varieties gi'ade into each other, but 
Ihe zone of transition is narrow. In the Mount 
Whitney region, where the relation between 
them is best displayed, the normal quartz mon- 
zonite lies below the porphyritic variety, which 
makes up the summit region of the range. 
Tlie porphyritic quartz monzonite persists with 
little change of composition or texture over a 
wide area and forms the largest homogeneous 
mass of granitic rock in this part of the Sierra. 
Its smaller specific gravity, coupled with its 
occurrence in the topmost part of the range, 
suggests that it is a gravity differentiate, in 
which the prevalence of phenocrysts of ortho- 
clase is due to the flotation of crystals of or- 
thoclase fi'om the lower parts of the magmatic 
chamber. Chemical analysis, however, fails to 
show the enrichment in potash demanded by 
this explanation, and the petrographic data 
suggest that the porphyritic development of 
the orthoclase is more probably due to its more 
rapid crystallization, starting from a few cen- 
ters of crystallization. Tlie possibility that 
gravity has controlled the differentiation of 
the other constituents is not, however, niled 
out. 

A younger rock than these quartz monzo- 
nilcK is a coarse light-colored granite, which is 
practically barren of dark minerals. It is 
foniposed of albite, quartz, and orthoclase, in 
the order named, with about 1 per cent of bio- 
tite. This granite forms large areas of homo- 
geneous rock throughout this part of the 
Sierra. 

Diorite and hornblende gabbro occur in 
minor amounts. A notable feature of the es- 
MFp rnwit is the extraordinary development of 
' ~ ' " plcxes conasting of hornblende 
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gabbro, quartz diorite, poi-phyritic and non- 
porphyritic quartz monzonite, granite, aplite, 
and diorite porphyry of lamprophyric aflSni- 
ties. The ramification of the darker rocks by 
intrusions of light-colored granite and aplite 
on a grand scale is well displayed on the east 
flank of Olancha Peak. 

All the plutonic rocks except, perhaps, the 
orthoclase-albite granite are cut by aplite dikes; 
In places these dikes, which extend from the 
alluvial slope at the foot of the range to its 
highest summit, are so abundant and lie so 
nearly parallel as to give the Sierra escarp- 
ment a striped appearance. Aplite also occurs 
abundantly in larger masses along the crest of 
the range from Mount Whitney southwai-d to 
Cirque Peak. Local pegmatite dikes are com- 
mon but are mainly restricted to roof pendants 
and the adjacent plutonic rocks. 

Remnants of the pregranitic rocks that once 
formed a roof over the intrusions occur at a 
number of places in the Sierra, especially in 
the headwater region of Bishop Creek. These 
rocks are highly metamorphosed and are cut by 
numerous dikes. The space relations of these 
detached fragments of the batholithic roof are 
excellently revealed in the great canyons and 
cirques of the upper part of the rajige, where 
it can be seen that they project downward deep 
into the granite masses, affording notable ex- 
amples of the " roof pendants " of Daly. One 
on Bishop Creek extends at least 2,500 feet 
downward into the granite. The essentially 
undisturbed character of such long, narrow- 
roof pendants indicates that the granite was 
emplaced without great tectonic disturbance. 

The sequence of intrusion for the quartz 
monzonite and granite was in the, order of in- 
creasing silicity, but the evidence as to the 
relation of the more basic rocks to the others is 
somewhat contradictory. 

Volcanic activity was widely prevalent in 
Tertiary and Quaternary time, rhyolite, latite, 
and basalt being erupted. Rhyolite was the 
eurliest, and it is perhaps most abundant in the 
lake beds at Haiwee and north of Owens River, 
where it consists generally of pumice, although 
flows of obsidian occur at one place. Latite 
occurs at Monachee and Tempi eton mountains, 
on the summit of the Sierra. Basalt, which is 
bv far the most abimdant volcanic rock, was ex- 
truded at three separate times at least. In the 



oldest extrusions the basalts forming the pla- 
teaus at the south end of the Inyo Range were 
erupted. Subsequently, when the range was 
blocked out, the superposed sheets of basalt 
were faulted in a succession of steps and now 
afford valuable data on the orogenic history of 
the range. After the alluvial cones flanking 
the Sierra Nevada had attained their present 
heights, small flows of basalt were emitted. At 
one locality the basalt of this epoch accom- 
plished the remarkable feat of rendering co- 
lumnar the granite through which it was 
erupted. Basalt was again erupted in late 
Quaternary time, in the interval between the 
two epochs of glaciation recognized in the 
region. At this time the striking group of 
cinder cones that stands on the alluvial slope 
between Big Pine and Independence was 
formed. Some of these cones stand upon fault 
lines nfarked by fresh alluvial scarps, and one 
of them has been cut in two by a fault marked 
by an alluvial scarp 80 feet high. 

The east slope of the Sierra Nevada is a great 
fault escarpment. It attains its greatest and 
most abrupt i-elief west of Owens Valley, rising 
from an altitude of 3,000 feet on Owens Lake 
to 14,500 feet on Mount Whitney. The long 
alluvial slope at the base of the range extends 
up to altitudes of 5,000 to 0,500 feet^ however, 
and the spurs are markedly oversteepened only 
below the 10,000-foot level. The predominant 
element of the escarpment is therefore the steep 
granite wall that rises abruptly from the pied- 
mont alluvial slope and ranges from 4,000 to 
5,000 feet in height. This great wall seems to 
tower almost vertically above Owens Valley, 
but in reality its inclination nowhere exceeds 
28°. Triangular facets of extraordinarily im- 
pressive dimensions have been cut by displace- 
ment upon the spurs between the deep canyons 
that indent the eastern slope. In general, the 
displacement appears to ha ve taken place mainly 
along a single fault surface, but in places dis- 
tributive faulting has occurred, producing ter- 
race-like forms. Faulting is still in progress, 
the last notable dislocation having taken place 
during the memorable earthquake of 1872. A 
considerable numl)er of fault scarps of late 
Quaternary age were discovered and mapped 
during the present reconnaissance. T1|iyri|06Ur 
not only at the edge of the piedmofljt'i 
slope of the Sierra, as noted by 
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Gilbert, but at intervals on this slope and also 
on the bedrock slope of the range itself. Some 
alluvia]: scarps of late Quaternary age, 80 
feet in height, were measured. 

Extensive remnants of topographies that 
antedate existing land forms are preserved 
west of the crest line of the Sierra Nevada, 
west and south of Mount Whitnev, and east of 
the crest south of Bishop Creek. They throw 
light on the orogenic history of the range dur- 
ing the later Cenozoic, showing that the Sierra 
attained its present altitude, as first pointed 
out by Lawson, by at least two uplifts, which 
were separated by a protracted halt. The 
earlier uplift, amounting to about 2,500 feet, 
led to the carving of a system of broad val- 
leys in an old surface of erosion that is corre- 
lated with the peneplain on which the early 
Tertiary auriferous gravels accumulated. This 
uplift was epeirogenic, lifting not only the 
Sierra Nevada but also at least a portion of 
the Great Basin east of the Sierra. During 
the halt between this and the later uplift cer- 
tain eastward-flowing streams eroded suffi- 
ciently far back to capture some of the head- 
water tributaries of the westerly drainage. 
The second and major uplift, which probably 
took place at the beginning of the Quaternary 
period, raised the range to its present altitude, 
produced a scarp about 6,000 feet high west of 
Owens Lake, and gave the streams of the east- 
em slope great erosive powers, though none of 
them have yet succeeded in capturing more 
of the headwater branches of the westward- 
flowing drainage. 

The Inyo Sange, bounding Owens Valley on 
the east, is delimited by faults along both 
flanks; it is a fault-block range of the " horst" 
type. The evidence of faulting is both physio- 
graphic and stratigraphic, but the stratigraphic 
is perhaps the more impressive. The south 
end of the range shows a series of basjilt sheets, 
which rest horizontally on vertical strata of 
Carboniferous and Triassic age and form the 
plateau summit of the range. The western 
flank consists of a series of steps capped with 
basalt and representing segments faulted from 
the main basalt-capped mass. The structure is 
revealed with diagrammatic clearness in the 
deep gorge extending back into the plateau 
southeast of Keeler, where it is manifest to the 
most cusual observer. 



Owens Valley is a deep trough of tectonic 
origin. Most of its bedrock is deeply buried 
under extensive alluvial deposits, but in places, 
as, for example, west of Lone Pine, the allu- 
vium is merely a veneer over the bedrock 
granite. The basin in which Owens Lake lies 
appears to be due to comparatively recent dif- 
ferential displacement along the old fault lines. 
The notable oversteepening of the basal slopes 
of the spurs overlooking the lake on the west 
points strongly to this probability. A number 
of ancient strand lines encircle the lake, the 
highest standing somewhat over 200 feet above 
the present lake level. 

The canyons of the east slope of the Sierra 
were occupied by ice during two widely sepa- 
rated times. The earlier ice streams were at 
least twice as thick as the later and descended 
to altitudes as low as 4,500 feet. Those of the 
last glaciation did extend lower than 6,300 feet. 
The older moraines are many times larger than 
the younger. That considerable time elapsed 
between the two epochs of glaciation is shown 
by the deep dissection of the older moraines. 
Gulches several hundred feet deep have been 
eroded into them and reveal the widespread 
and thorough disintegration of older glacial 
deposits. Many boulders, some of them 5 feet 
in diameter, are so deeply disintegrated that 
they crumble under slight pressure. The mo- 
raines of the younger glaciation, on the other 
hand, are intact and the granite blocks they 
contain are brilliantly fresh. During the in- 
terval between the two glacial epochs a mass 
of basalt, acoompanied by cinders, was erupted 
into Sawmill Canyon. The interglacial epoch 
was probably three to five times as long as 
the time that has elapsed since the maximum 
stage of the last ice advance. 

The sculpture of the glaciated region points 
to great ice erosion. The striking contrast be- 
tween the unglaciated and the glaciated parts 
of the canyons scoring the Sierra escarpment 
is one of the more remarkable features of the 
region. The glaciated canyons have been 
transformed on an unrivaled scale into what 
Russell calls cyclopean stairways. The high 
hanging valleys and the diversion of the drain- 
age of Charlotte Creek by glacial capture also 
afford clear evidence of the efficiency of ice 
erosion. Tlie notable control that jointing has 
exerted on the development of the cirques and 
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the quantitative equivalence of the moraines 
northwest of Baker Creek with the cirques 
from which they were derived, suggest that in 
this part of the Sierra Nevada glacial erosion 
took place largely by the plucking and re- 
moval of joint blocks. 

MINERAL RESOURCES. 

The principal mineral resources of the re- 
gion are silver, lead, zinc, tungsten, gold, cop- 
per, and marble, which are largely confined to 
the Inyo Mountains, and sodium carbonate, 
which is derived from Owens Lake. In the 
Sierra Nevada the only ore body under de- 
velopment in recent years is that of the Bishop 
Creek gold mine, on Middle Fork of Bishop 
Creek, at an altitude of 8,500 feet. The deposit, 
which consists of a quartzite band carrying 
auriferous pyrrhotite and arsenopyrite, forms 
part of a sedimentary roof pendant that pro- 
jects deep into the granitic masses of the range. 
Recently large deposits of contact-metamorphic 
tungsten ore have been found west of Bishop. 

The premier producing mine in the Inyo 
Mountains is now, as it has been in the past, 
the Cerro Gordo. It has yielded more silver- 
bearing lead ore than any other mine in Cali- 
fornia, having produced between 1869 and 
1877 base bullion to the value of $7,000,000. 
In 1011 large bodies of zinc carbonate, long 
overlooked, were discovered in the old mine 
and led to its rehabilitation. Further explora- 
tion led to the discovery of rich shoots of sil- 
vfr-bearing lead ore, and in consequence the 
mine has entered upon a new era oTf prosperity. 

The lead ore bodies of Cerro Gordo consist 
of lenticular masses distributed through a zone 
1.500 feet long and several hundred feet wide. 
The predominant rock of the zone is a white, 
finely saccharoidal marble, essentially a pure 
calcite rock, of Carboniferous age. Some in- 
terstratified slate and dikes of monzonite por- 
phyry, quartz diorite porphyry, and diabase 
also occur in the ore-bearing zone, but the ore 
bodies, with one notable exception, are inclosed 
in the marble. The primary ore is galena, 
with Avhich is associated tetrahedrite, zinc 
blende, and pyrite. The most productive shoot 
of argentiferous lead ore mined in late years, 
constituting the notable exception referred to 
above, occurs in a much-sheared portion of a 
narrow diabase sill. 



The zinc ore, to whose discovery the revival 
of Cerro Gordo is due, forms irregular masseB 
and pipes in- the limestone walls of the old 
lead stopes, principally in the footwall. Near 
the old stopes the zinc ore consists largely of 
limonite mixed with bodies of pure white hal- 
loysite, but with increasing distance from the 
stopes the zinc ore becomes progressively 
purer — locally, indeed, it is theoretically almost 
pure. It consists essentially of the carbonate 
smithsonite, the main impurities being limo- 
nite and calcite. It is fine grained and is 
characteristically banded or laminated in 
places in a very remarkable convolute fashion. 
As the smithsonite has resulted from the re- 
placement of a fine-gi'ained structureless mar- 
ble the lamination is strongly suggestive of 
rhj'thmic precipitation. The most notable fea- 
ture of the ore deposits of Cerro (irordo is 
pix)bably the localization of the zinc as cai*- 
bonate in large bodies of high-grade ore in 
comparison with the small proportion of zinc 
blende in the primary ore. The zinc carljon- 
ate was derived from the blende by a process 
involving oxidation, solution, migration, and 
precipitation — a rather complex process that 
apparently afforded numerous chances for the 
dispersal of the zinc; but although the pro- 
portion of blende in the unoxidized lead ore is 
extremely small, certainly not exceeding 1 or 
2 per cent, the zinc has been concentrated to a 
remarkable extent. 

The primary ores are probably related ge- 
netically to the granitic intrusions common in 
the Inyo Range. This relation, however, is 
less obvious here than it is in the Darwin dis- 
trict, 25 miles southeast of Cerro Gordo, where 
the lead ore bodies range from contact-meta- 
morphic deiK)sits, consisting of galena inter- 
grown with andnidite garnet, to fissure veins 
having the normal character of hydrothermal 
deposits. 

The gold deposits of the Inyo Sange are 
mainly small, narrow quartz veins that occur 
either in the borders of the granite intrusions 
or in the surrounding country rock at no great 
distance from the granite. Some of the more 
notable veins, such as the Reward, differ from 
the normal California type of gold quartz vein 
in that the principal sulphide is galena, appar- 
ently in response to their occurrence in a metal- 
logenetic province in which lead is the domi- 
nant metal. 
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FIELD WORK AND ACKNOWLEDGMENTS. 

The field work on which this report is based 
covered parts of the seasons of 1912 and 1913. 
The part of the Inyo Range that lies within 
the Bishop, Mount '^^Tiitney, and Ballarat 
quadrangles was mapped between July 6 and 
October 18, 1912, special attention being given 
to the economic geology. In this work the 
writer was efficiently assisted by Mr. Edwin 
Kirk, who studied principally thetstratigraphy 
and paleontology of the range. (See pp. 19- 
48.) The east flank of the Sierra Nevada was 
mapped between June 1 and August 14, 1913. 
In this work Prof. Frederic H. Lahee, of the 
Massachusetts Institute of Technology, ren- 
dered able assistance, and to him must be 
credited a large share of the results of the 
reconnaissance of this part of the region. The 
geologic reconnaissance maps in, this report 
(Pis. I and II, in pocket) show the stratig- 
raphy of the region as thus determined. 

It is also a pleasure to acknowledge here the 
hospitality of Mr. L. D. Gordon and to thank 
him for his generous aid in facilitating the 
study of the region around Cerro Gordo, in 
the Inyo Mountains. 
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Owens Valley earthquake of 1872. 

Knopf, Adolph, Mineral resources of the Inyo and 
White Mountains. Cal.: U. S. Geol. Survey Bull. 
540, pp. 81-120, 1914. 

Lawson, A. C, Geomorphogeny of the upper Kem 
Basin : California Univ. Dept. Geology Bull., vol. 
3, No. 15, pp. 291-376, 1904. 
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Lawson, A. C. — Contlniietl. 

De8crll)es the peomorphic evolution of n port 
of the Sierra Nevatla, wlil<"h (u.^phiys the geologic 
record in unrlvaletl perfection. Marks a notable 
advance In the knowledge of the orogenic hlstor>' 
of the range. 

Ijc Conte, J. N., The High Sierra of Callfomla: Al- 
pina Americana (puhllshe<1 by the American 
Alpine Club), No. 1, pp. 1-16, 1907. 

Describes in general the features of the Sierra 
Nevada, and in particular those of the High 
Sierra, and discusses the mo<le of travel, camping, 
ami exploration. Is illustrate<l by a numl>er-of 
remarkably fine photographs of the scenery of 
the High Sierra. 

I-.ee. C. H.. An Intensive stmly of tlie water rewmrces 
of a part of Owens Valley: V. S. Geol. Survey 
Water-Supply Paper 294, 13i> pp., 1912. 

Lee. W. T.. Geology antl water res«>urct»s of i^wens 
Valley. Cal. : U. S. (;ei>l. Survey Water-Supply 
Paper 181. 28 pp., 1906. 

Gives the first systematic acctmnt of the geolog>* 
of Owens Valley, based on a brief reconnalssancv. 

Reld. J. A.. Some ore <leposlts In the Inyo Range, Cal. : 
Mln. and Scl. Press, vol. a5. pp. 80-82. 1»»7. 

A note cm the geology of the Coso Range, Inyo 

County, Cal.: Jour. Geology, vol. 16, pp. 64-72, 
1908. 

Smith, J. P., Comparative stratigraphy of the marine 
Trias of western America : Callfomla Acad. Scl. 
Proc., 3d .<jer.. vol. 1. pp. SoO-Sol. 3.'>6-3r)7. 1904. 
' Gives the stratigraphy and paleiMitologj' of the 
liOwer and Middle Trlasslc rocks of the Union 
Wash. 

Spurr, J. E., Descriptive geology of Nevada south of 
the fortieth imnillel and adjacent portli>ns of Cali- 
fornia. 2<1 eil.: U. S. Geol. Sur\ey BuU. 208, pp. 
206-212. 19m. 

The portion of this report dealing with Owens 
Valley and the White Mountain Range is wholly 
a compilation; It summarizes in systematic form 
all previous knowle^lge concerning the geology of 
the region. 

TrowbrI<lge. A. C. The terrestrial deposits of Owens 
Valley, CaL: Jour. Geology-, vol. 19. pp. 706-747, 
1911. 

I>es<Tlbes the alluvial cones flanking the Sierra 
Nevada and White Mountain Range and also the 
lake beds east of Zurich, mainly with a view to 
establishing criteria for the reci>gnitlon of alluvlal- 
<*«»ne deiKislts. 

Turner. II. W.. The Plel.stocene geology of the .<«outh- 
central Sierra Nevada, with es]HN-hil reference to 
the origin of the Yosemite Valley: California 
Acnd. Scl. Pnx-., 3d ser.. vol. 1, pp. 261-321. 

I>escrlbes briefly the lake beds at the south end 
of Owens Valley. 

Walcott, C. D., Ixnver Cambrian riK'ks In eastern Cali- 
fornia : Am. Jour. Scl., 3d ser., vol. 49. pp. 142- 
144. 1895. 



Walcott, C. D.. The Appalachian type of folding in the 
White Mimntaln Range of Inyo County, Cal.: Am. 
Jour. Sci., 3d ser., voL 49, pi>. 169-174, 1895. 

The post-Pleistocene elevation of the Inyo 

Range and the lake IhmIs nf Waucobl embayment, 
Inyo County. Cal.: Jour, (teoiogj-, vol. 5, pp. 
340-348. 1897. 

I*n»poses the name Waucobl for a fresh- water 
lake In which beds of Pliocene or Pleistocene age 
were laid down. 



Cambrian sections of the Conlllleran area: 

Snilthstmlan Misc. Coll., vol. 53. pp. 185-188, 1908. 
Gives a detalle<l measurement of the Lower 
•Cambrian section near Waucoba Spring, on the 
east flank of the Inyo Range. 

Whitney. J. D.. California Geol. Survey, vol. 1. p. 456. 
18(r). 

(fives brief notes on the geology of Owens 
Valley. 

The Owens Valley earthquake: Overland 

Monthly, vol. 9, pp. 130-140. 266-278, 1872. 

GEOGRAPHY. 

LOCATIOH AND GENERAL FEATITBES OF THE 

EEOION. 

The n»gion described in this report is a 
rectangular area in eastern California whose 
western boundary coincides in general with the 
main divide of the Sierra Nevada and whose 
eastern boundary lies along the eastern base 
of the Inyo Bange — the fii*st range east of 
the Sierra Nevada. Between these two ranges 
lies the deep depression known as Owens Val- 
ley, at whose south end is the saline sea called 
Owens Lake. The area extends from the south 
end of Owens Vallev northwestward for 100 
miles to the great bend of Owens River. It is 
wholly in Inyo County, which contains the 
lowest and highest points in the United 
States — Death Valley and Mount Wliitney. 

Two railroads enter Owens Valley, one from 
the north and the other from the south. The 
Nevada & California (formerly the Carson A 
Colorado), a narrow-gage line, now a part of 
the Southern Pacific system, passes along the 
east side of Owens River. It connects with the 
Tonopah branch at Mina, Nev., and its south- 
ern terminus is Keeler, on Owens Lake. A 
broad-gage branch of the Southern Pacific has 
recently been built northward into the valley 
from Mohave, primarily to facilitate the con- 
struction of the Los Angeles Aqueduct, and 
connects with the naixow-gage line at Owenyo. 
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Whitney, writing in 1872, said that Owens 
Valley was terra incognita; and this charac- 
terization has remained essentially true until 
recent times. Because of its remoteness the 
valley remained dormant until about 1900, 
when the establishment of Tonopah and nu- 
merous other mining camps in adjacent parts 
of Nevada created a demand for its products. 
More vital to its prosperity than this, how- 
ever, was the construction of the railroad from 
Mohave, which by making Los Angeles an 
easily accessible market for its products led 
to its healthy agricultural growth. 

It is highly probable that when its roads and 
railway facilities are improved Owens Valley 
will become famed for its magnificent scenic 
attractions. The Sierra Nevada forms the w^est 
wall of the valley, and here the range displays 
its loftiness more impressively than anywhere 
else along its whole course; in fact the greatest 
relief within the United States is that along 
the eastern flank of the Sierra Nevada, in the 
region of Mount Whitney. The accessibility 
of the higher parts of the range by trails that 
diverge from the small towns in the valley- 
Lone Pine, Independence, Big Pine, and 
Bishop— is another attractive feature. From 
Bishop one may travel by automobile in a few 
hours to the headwaters of Bishop Creek, 
whose profoundly glaciated canyons and spa- 
cious cirques are among the most impressive 
in the whole range. 

TOFOOKAFHY. 
OWENS VAIX.EY. 

Owens Valley is a long, narrow depression 
lying between the Inyo Range on the east and 
the Sierra Nevada on the west. Its floor is 
2 to 8 miles wide and the distance from crest 
to crest of the confining mountain chains ranges 
from 40 miles at the north end to 25 miles at 
Owens Lake, near the south end, the minimum 
distance, which is found in the part of the 
valley between Bishop and Big Pine, being 15 
miles. The floor, which is notably even, slopes 
southward at the rate of 7 feet to the mile — 
from about 8,000 feet above sea level at the 
north end to 3,600 feet at Keeler, on Owens 
Lake, the lowest point in the valley. A broad 
alluvial divide, whose lowest point is 3,760 
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feet above sea level, separates the valley from 
Rose Valley on the south. 

A few isolated groups of hills — Poverty, 
Tungsten, and Alabama Hills — rise above the 
general level of the valley, but they are dwarfed 
by the great bordering mountain ranges, A 
volcanic field lies southwest of Big Pine, and 
its finely preserved cinder cones and lava flows 
are notable features of Owens Valley. The 
highestof the extinct volcanoes is Crater Moun- 
tain, which rises 2.000 feet above the valley 
floor and is composed largely of black basalt 
flows capped by a cinder cone with a crater in 
its top. 

THE INYO RANGE. 

The Inyo and White mountains form the 
east wall of Owens Valley. Together they 
make a single continuous chain 110 miles long, 
the Inyo Mountains forming the southern por- 
tion and the White Mountains the northern 
portion. The line of denuirkation has usually 
been placed along the Saline Valley road, 
which crosses the range east of Big Pine. The 
arbitrary character of this division was recog- 
nized by J. D. Whitney,' and his opinion has 
been concurred in by all subsequent observers. 
H. W. Turner has contended that the whole 
chain should be known by a single name, and 
fittingly called it the Inyo Range, a native 
name that has the merit of distinctiveness. 
J. E. Spurr,^ however, called it, for conveni- 
ence, the White Mountain Range, and local 
usage in recent years has tended to sanction the 
employment of " White Mountains " as a name 
for the entire range, although the extreme 
southern part is still often referred to as the 
Inyo Mountains. In this report "Inyo 
Range " is adopted for the Avhole chain. 

The range trends northwestward. On the 
south it is separated from the Coso Mountains 
by a broad depression and on the north it ter- 
minates in Mount Montgomery, whose white 
granite scarp is visible for many miles. The 
average elevation of the range is 10,000 feet. 
Its western face slopes off abruptly toward 
Owens Valley, and is but little less precipitous 
than that of the Sierra Nevada on the opposite 

' California fJeol. Siirvpy, vol. 1. p. 540, 1R05. 

* Spurr, J. E., Doscriptlvo geoloKy of Novada Kouth of th«? 
fortieth parallel and adjacent parts of California : U. 8. 
Gool. Survey Bull. 208, p. 206, 1903. 
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side of the valley. Its western border is thus 
determined by the floor of Owens Valley and 
as a whole is remarkably straight. Its eastern 
border is not so sharply mai'ked. In its north- 
ern part it is marked by Fish Lake Valley, but 
between this valley and Saline Valley to the 
south there is an irregular mountainous area 
that is not clearly separated from the Inyo 
Range on the west nor from the ranges on 
the east. Still farther south the deep elliptical 
depression known as Saline Valley, whose floor 
is 2,500 feet lower than that of Owens Valley, 
separates the Inyo Eange from the ITbehebe 
Bange on the east. The flank of the Inyo 
Bange is here exceedingly steep and rugged — 
in fact, it is fully comparable in height and 
precipitousness with the great escarpment of 
the Sierra Nevada. 

Deep canyons penetrate the western slope of 
the Inyo Bange, and great " washes " or allu- 
vial cones extend from the mouths of the can- 
yons far out into the valley. 

THE SIERRA NEVADA. 

The Sierra Nevada forms the west wall of 
Owens Valley. It ranges from 11,000 to 14,501 
feet in height, culminating in Mount Whitney, 
the highest point in the United States outside 
of Alaska. The main divide directly over- 
looks the valley. The full relief is attained 
within a short horizontal distance and is about 
8,000 feet in the region of Mount Whitney. 
The east slope of the Sierra Nevada is there- 
fore extremely abrupt and is tremendously 
rugged. It is scored by a large number of 
great canyons, spaced at fairly equal intervals. 
The dominating peak as seen from Owens 
Valley is Mount Williamson (14,384 feet) ; it 
is, in fact, the second highest peak in the range, 
and its great height, its sharply serrated form, 
and its position more than a mile east of the 
main divide give it conmianding eminence. 
Mount Whitney is at the head of the deep can- 
yon of Lone Pine Creek, and stands relatively 
far back of the main Sierra Nevada escarp- 
ment, and is, in consequence, not visible from 
Owens -Valley, except within a rather small 
section near Lone Pine. 

From points southwest of I^one Pine three 
"peaks," much alike in general appearance, 
with massive square-browed summits and 



broad, gently westward-sloping tops, crown 
great vertical eastward-facing walls and im- 
press themselves upon the view. They are, 
named from north to south. Mount Whitney 
(14,501 feet). Lone Pine Peak (12,951 feet), 
and Mount Langley (14,04*2 feet). Of these 
Jjone Pine Peak, which stands more than 2 
miles east of the main crest and rises directly 
to its full height above the piedmont slope, 
seems to be the highest. Mount Langley also 
seems, because of its greater nearness, to be 
higher than Mount Whitney. The supremacy 
of Mount Whitney is therefore nowhere ap- 
parent from Owens Valley. It is this fact that 
in part, in 1871, led Clarence King, who had 
discovered and named Mount Whitnev in 1864, 
to make the error of thinking he had accom* 
plished the ascent of Mount Whitney from 
Owens Valley, when in reality he had ascended 
the summit now known as Mount Langley. 
This error was discovered by W. A. Goodyear in 
1873, who pointed out that the peak climbed by 
King was not Mount Whitney but one that had 
been named Sheep Mountain in 1864. Fortu- 
nately, this banal name for one of the most 
majestic summits in the whole Sierra Nevada 
has since been changed to Langley, in honor of 
one of America's most distinguished men of 
science. 

Between the level floor of Owens Valley and 
the base of the Sierra is a barren boulder- 
strewn belt of alluvial wash, which is 1 to 7 
miles wide and attains a height of 1,000 to 
2,500 feet above the vallev floor. Unlike the 
isolated alluvial cones built up at intervals 
along the front of the Inyo and White moim- 
tains on the east side of the valley, it forms a 
continuous piedmont alluvial slope. It reaches 
its greatest development in the area betwewi 
Independence and Owens Lake. 

DBAXHAGE. 

The principal stream of the region is Owens 
River. It rises in the Sierra Nevada near San 
Joaquin Pass, and in its upper course it is a 
turbulent stream, descending the east slope of 
the range and passing through a long canyon 
cut 800 feet deep into the volcanic table-land 
and north of Bishop before it enters Owens 
Valley proper. Below the great bend of the 
river it pursues a meandering course southeast- 
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ward toward Owens Lake. Practically all its 
tributaries enter from the west, and are fed 
almost wholly by snows that accumulate just 
east of the main Sierra divide. 

Owens Lake, into which the river empties, 
lies in an undrained depression at the south end 
of the valley, and its inflow is probably dis- 
posed of wholly by evaporation. Its waters 
are a strong solution of common salt, sodium 
carbonate, potassium sulphate, borax, and other 
salts. The recovery of sodium carbonate is an 
important chemical industry established near 
Keeler. The area of the lake in February, 
1913, was 97 square miles and its greatest depth 
29.6 feet. On account of the shallow shelving 
shores of the lake on all sides except the west 
small fluctuations of its water level are accom- 
panied by large changes in its areal extent. 

CLIKATE. 

Because of the great range in the altitude of 
the region the climate of different parts of it 
is very diverse. In general the climate is 
tjT)ical of the southern half of the Great Basin, 
of which it is a part. In Owens Valley the 
summer temperature often exceeds 100°, yet, 
owing to the low humidity, it does not become 
oppressive; but in the deep depressions that 
are encircled by high mountains, such as 
Saline Valley, the temperature is oppres- 
sively hot from June to October, without much 
intermission day or night The winters are 
comparatively mild in the valleys. 

The average precipitation^ ranges from 3 
inches a year at Owens River to 40 inches on 
the Sierra Nevada crest. The moisture-laden 
winds from the Pacific Ocean are largely 
robbed of their moisture befgre reaching the 
Inyo Range. This is notably true in the south- 
em part of the range, which is opposite the 
highest part of the Sierra Nevada. North of 
Bishop, however, the Inyo Range averages 
nearly as high as the Sierra opposite it, and 
sufficient snow falls to support several small 
perennial streams. 

* Lee, C. H., An Intensive study of the water resources of 
a part of Owens Valley, Cal. : U. 8. Geol. Survey Water- 
Supply Paper 294, pp. 15-31, 1912. 



GEOLOGY. 

STKATXOKAFHY OF THE IKYO KANGE. 

By Edwin Kibk.* 

DITFICI'LTIES OF THE PROBLEM. 

The Inyo Range, in common with many of 
the Great Basin ranges, offers many obstacles 
to satisfactory stratigraphic work, and par- 
ticularly to reconnaissance work like that done 
for this paper. It is true that exposures are 
abundant and that few of the sections exam- 
ined are covered with vegetation or talus, but 
the range is exceedingly rugged, and in many 
plaq^ it was hard to find good sections in the 
time available. Information in regard to 
many areas that are of great interest was ob- 
tained only in the course of travel from one 
camp to another, so that but a brief time could 
be devoted to detailed work. The necessity of 
covering a large area in a short time made 
rapid progress in the work essential, and it 
was possible to revisit only two or three sec- 
tions. The strata have been greatly faulted 
and folded and have been intruded by numer- 
ous igneous masses. Fossils are generally rare, 
and in many places the rocks have been so 
much metamorphosed as to destroy all organic 
remains. For these reasons the difficulties of 
intensive stratigraphic work in this region are 
unusually great. It is to be hoped that a de- 
tailed examination of the sediments of the 
region may at some time be made. The Car- 
boniferous strata and the part of the strati- 
graphic column between the top of the Lower 
Cambrian and the base of the Devonian are 
particularly worthy of study. 

SKETCH OF THE STRUCTURE. 

MAJOB FOLDS. 

•« 

The structure of the Inyo Range is broadly 
simple, but has been made very complex in 
detail by faulting, folding, and the inti*usion 
of large igneous masses, which have greatly 
obscured and in places completely masked the 

'Mr. Kirk's contribution ends with the description of the 
Upper Triassic roclcs on p. 48. 



20 



GEOLOGIC RECONNAISSANCE OF INYO RANGE. 



primary structure. The dips and strikes are 
extremely variable, so that the great under- 
lying structural features can be determined 
only by considering the range in the mass. 

The sedimentary rocks of the range are in- 
volved in a broad, low anticline and a comple- 
mental syncline lying west of it. The anticline 
and syncline pitch steeply to the south. Their 
axes have a general northwesterly trend, which 
does not coincide with the course of the range, 
which trends more nearly northward. In the 
northern part of the area here described the 
anticline occupies most of the breadth of the 
range, but in the southern part it trepds diago- 
nally across the range and finally passes out 
on its east side. Farther south the syncline is 
the dominant structural feature of the range. 
The oldest sedimentary rocks are in the north- 
ern part of the Bishop quadrangle: and, owing 
to the southward pitch of the folds, younger 
and younger sediments succeed one another to 
the south. In the northern half of the Bishop 
quadrangle, where the anticlinal structure is 
best developed, the axis is marked by the re- 
sistant and conspicuous Reed dolomite of pre- 
Cambrian age. This dolomite disappear be- 
neath the Campito sandstone not far north of 
the Mollv Gibson mine. Farther south the 
anticline is not well shown, owing to extensive 
faulting and to the fact that the sedimentary 
masses involved are more or less homogeneous. 
The eastern limb of the anticline passes out of 
the range along Deep Spring Valley, and its 
axis may be considered as disappearing in the 
general region of Waucoba Mountain. The 
western limb of the anticline, which, of course, 
forms the eastern limb of the syncline, contin- 
ues to the south end of the range. 

The syncline is best developed in the part of 
the range that lies east of Keeler, and from 
New York Butte south it is the dominant struc- 
tural feature," though it is greatly faulted and 
scarcely recognizable as a syncline. The 
trough of the syncline is filled with nonresist- 
ant Triassic sediments, which are flanked on 
both sides by resistant Carboniferous rocks, a 
fact that accounts in large measure for the 
topographic featiu'es of this part of the range. 
In the northern half of the Bishop quadrangle 
a well-defined syncline, clearly shown in Silver 
Canyon, lies west of the anticline. The Cam- 
brian beds at the mouth of the canyon are 



repeated at its upper end, and much crumpled 
beds of later age lie in the trough. The ar- 
rangement thus outlined is largely ideal, for 
the original structure of the range has been 
greatly deformed by faulting and igneous in- 
trusion. In the main, however, the relative 
positions of the stratigraphic units and their 
distribution in the range are determined by 
the major features of the structure. 

The secondary deformation may be con- 
veniently discussed under two heads — ^the in- 
trusion of the igneous masses and the faulting 
and the attendant minor folding. Of the two, 
the intrusions have caused less displacement of 
the sediments and are not here described in de- 
tail, though a few examples are cited, merely 
to give a general idea of the structural com- 
plexity. 

DEFORMATION BY INTRUSION. 

Only the larger masses of igneous rocks 
could be shown on the map (Pis. I and II, in 
pocket), but there are many smaller masses 
and on the southwest side of Saline Valley 
thin beds of sediments cover great intrusive 
bodies, which are exposed only in the canyons. 
The relation of the large igneous masses to the 
structure of the range is well shown by the 
great granitic intrusive mass that forms Wau- 
coba Mountain and Squaw Flat. On the east 
side of Waucoba Mountain the lower part of 
the Silver Peak group crops out instead of the 
much higher Cambrian beds, which would 
normally appear there. A part of the Lower 
and all the Middle and Upper Cambrian that 
fronts Squaw Flat on the north should nor- 
mally front it also on the south, but instead 
the Ordovician strata alone appear. These 
changes in the normal sequence and similar 
changes noted in other areas adjacent to great 
intrusive masses are apparently due entirely to 
intrusion. The smaller igneous bodies, how- 
ever, do not materially displace the sedi- 
mentary beds. 

Besides actually displacing the sedimentary 
beds the igneous masses have extensively meta- 
morphosed them. 



FAULTING. 



The most notable modifications of the simple 
folds are due to faulting, which in the Inyo 
Mountains is exceedingly complex and has de- 
termined in large part the major physiographic 
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features of the range. The faults may be di- 
vided into three groups — (1) those that are 
roughly parallel to the trend of the range, (2) 
those that are approximately at right angles 
to the trend of the range, and (3) those that 
follow intermediate directions. The faults of 
the three series appear to have no definite re- 
lation in age. Apparently the greatest faults 
run parallel to the range, and the next great- 
est run diagonally to it. Conspicuous faults 
that run at right angles to the range are rare. 
This grouping of the faults is arbitrary ; prob- 
ably certain faults that are assigned to groups 
1 and 8 are more closely related as regards 
origin or dynamics than some faults that fall 
within group 3 itself. Some of the faults 
placed in group 3 could as well be referred to 
group 1 or group 2. At no place was there any 
indication of thrust faulting. The faults of 
group 1 determine the outline of the range. 
The west front of flie range, facing Owens 
Valley, and its east front, along Saline Valley, 
are determined by fault planes. Deep Spring 
Valley and Cowhom Valley are intramontane 
valleys bounded by fault planes. 

The throw of the faults bounding the range 
must be very great. One of the large faults 
that take part in the formation of Saline Val- 
ley is estimated, from the sediments brought 
into juxtaposition, to have a throw of not less 
than 8,000 feet. This fault passes down the 
Saline Valley road, in the southwestern corner 
of the Lida quadrangle, and continues south- 
ward into the Ballarat quadrangle, where its 
further course is concealed bv basaltic flows 
and detritus. It may run along the east side 
of Saline Valley at the foot of the Ubehebe 
Range or it may pass into the valley proper. 
In the neighborhood of the Montezuma mine, 
at the base of the west side of the range, there 
is a fault with a throw of at least 5,000 feet. 
This appears to be only one of several step 
faults that delimit the front of the range. (See 
PL III, A.) 

Within the mountain mass itself there are 
numerous faults which run parallel or nearly 
parallel to the axis of the range. Among these 
are the faults that bound the Triassic sedi- 
ments in the synclinal trough east of Keeler. 
(See' PI. IV, A.) The throw of the fault on 
the east side probably does not exceed 1,500 
feet, but that of the one on the west 'side is 



greater by perhaps 2,000 feet. Another fault of 
fair dimensions lies north of Andrews Moun- 
tain in the Bishop quadrangle. Nearly on a 
line with the west side of Deep Spring Valley 
and perhaps continuous with the fault in that 
valley there is a fault that extends southward 
through the Cambrian sediments and that in- 
volves the Campito sandstone and Silver Peak 
group. (See PI. Ill, B.) This fault must have 
a throw of several thousand feet. Many simi- 
lar faults might be mentioned. 

Most of the faults of group 2 are indicated 
by canyons that penetrate the range. The 
Cambrian sediments that form the walls of Sil- 
ver Canyon have been greatly folded, and the 
beds on one side of the canyon have been 
dropped with relation to those on the other. 
This fault bifurcates at the head of the canyon. 
Almost every other canyon in the range will 
furnish similar evidence of faulting. Deep 
Spring Valley is terminated at its south end by 
an abrupt wall, some 2,000 feet high, which is 
evidently a fault scarp. Many of these ejist- 
ward-trending faults are considerably older 
than the latest great displacements along the 
sides of the range, as is clearly shown along 
the west side of Saline Valley. 

Group 3 is intended primarily to include 
faults that cut diagonally across belts of sedi- 
ments bounded by faults parallel to the axis of 
the range. One such fault is well shown east of 
Keeler, where the Triassic sediments are 
bounded on the east and the west by fault 
planes. About midway between the Saline 
Valley Salt Co.'s road and the road from 
Keeler to the Cerro Gordo mine a fault crosses 
diagonally this belt of Triassic rocks. The 
Triassic volcanic series is well developed north 
of the fault but is gradually cut out on the 
south, being replaced by Lower and Middle 
Triassic sediments, and ultimately disappears 
in the neighborhood of the Ubehebe trail. Sev- 
eral such diagonal faults appear on the west 
side of the range between New York Butte and 
Cerro Gordo. They, together with the faults 
that follow the trend of the range, have thrown 
the strata into great confusion. 

In addition to the well-marked diagonal 
faults, group 3 contains a great number of 
faults that trend in every conceivable direc- 
tion, though most of them trend northward. 
They vary in throw from a few feet to several 
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thousand feet. Many sections show as many 
as 10 to 15 minor faults in the space of a hun- 
dred yards. Among the more notable faults 
of this group are those lying between the Deep 
Spring Valley road and Marble Canyon, in 
the Bishop quadrangle. (See PI. IV, B.) 
The south face of Black Mountain shows a 
number of faults, and Black Canyon marks 
a well-defined fault plane. The road from 
the MoUie Gibson mine south follows a fault 
of considerable magnitude. The faults of 
Cowhorn Valley, noted under group 1, really 
fall in this class. In the Mount AVhitney 
quadrangle extensive faulting along Mazourka 
Canyon greatly disturbs the strata. A fault 
crossing the Union Wash is of importance in 
that it cuts out the higher Carboniferous beds 
and the basal Triassic, its throw being more 
than 4,000 feet. 

The beds along the front of the range in the 
immediate neighborhood of the majbr fault 
planes are intensely disturbed. (See Pis. Ill 
and IV.) It is generally impossible to gain 
any conception of the nature and succession 
of beds along the face of the range, because 
they have been greatly disturbed, and there- 
fore, in order to determine the stratigraphy, 
it is necessary either to study the sections in 
the canyons or to go well back in the range. 

Faulting occurred in at least two widely sep- 
arated geologic periods; the earlier movements 
accompanied the folding of the rocks in the 
Jurassic or Cretaceous, and the later accom- 
panied the late Cenozoic elevation of the range. 
The displacements appear to have been great- 
est along faults that originated at the time 
the range was uplifted, and some of these 
faults, as already noted, probably involve 
throws of as much as 5,000 feet. The relation 
between the earlier and later series of faults is 
most plainly shown at the south end of the 
range, southeast of Keeler, where a series of 
horizontal flow of basalt rests upon the eroded 
edges of folded Carboniferous and Trijussic 
sediments. The basalt is dislocated by a scries 
of step faults, and the underlying sediments 
are traversed bv faults that antedate the basalt 
flows. 

(rt-'.NERAL STRATKiRAPHIC SECTION. 

The sedimentary rocks of the Inyo Range 
have an aggregate thickness of more than 



36,000 feet — ^^about 7 miles — and range in age 
from pre-Cambrian to Triassic. On eliminat- 
ing the Triassic and pre-Cambrian, it is found 
that the Paleozoic rocks have a thickness of 
5 miles. Tliis figure becomes even more im- 
pressive if it is remembered that the section 
includes no beds that represent large parts of 
the Paleozoia The Middle and Upper Cam- 
brian are not greatly developed; the Ordovi- 
cian, except for strata of Beekmantown (Lower 
Ordovician) age, is poorly represented; the 
Silurian is absent ; the Devonian is represented 
only by Middle Devonian sediments; the Mis- 
sissippian is probably represented by only its 
upper portion ; and the Permian is thin. The 
great thickness of the Paleozoic rocks is due to 
the presence of large quantities of clastic sedi- 
ments that accumulate rapidly under favorable 
conditions. 

The following tabular section gives the ap- 
proximate thickness of the stratigraphic units: 

Generalized section in the Inyo Range, Cdl. 

Triassic : ^^^ 

Upper Triassljc (and Jurassic?) shales 
interlKMhled witli volcanic roclis con- 
sisting; cliiefly of waterlaid tuffs and 

breccias 5, 000 

Lower and Middle Triassic calcareous 
shales and thin-l)e<ided arenaceous lime- 
stones, Witt) calcareous sandstone at 

base 1, 500 

Permian: Owenyo limestone 125+ 

Pennsylvanian : 

Reward conglomerate 250 

Later Pennsylvanian limestone and shale. 3,000± 

Diamond Peak quartzite 3,500+ 

Basal Pennsylvanian limestones 1,000 

Mississlppian : White Pine shale 1.000 

Devonian: Middle Devonian limestone 1,400 

Ordovician : 

Arenaceous shale, probably of Normans- 
kill ape 750 

Limestone contnininp Chazy fossils 500 

Limestone, probably of Beekmantown 

ape 3,500 

Sandstone 300 

Upper Cambrian: Arenaceous limestone and 

shale 1.000± 

Middle Cambrian: Calcareous sandstone and 

limestone 900+ 

Lower Cambrian : 

Silver Peak group 7,000± 

Campito sandstone 3,200 

I^re-Cambrlan : 

Deep Spring formation 1,800" 

Reed dolomite—^ 2,000 

Oldest sandstones and dolomites (?) 
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PRE-CAMBRIAN ROCKS. 



OENEBAL BELATI0N8. 




Underlying the lowest Cambrian sediments 
in the Bishop quadrangle is a great thickness 
of sandstone and dolomite. Spun* ^ notes that 
in the northeastern part of the Silver Peak 
quadrangle, Nev., below the lowest fossilifer- 
ous Cambrian horizon, there are " several thou- 
sand feet of dolomitic limestones and marble, 
quartzites, and green knotted schists." These 
he refers to the Cambrian. Turner,^ referring 
to these same beds, says that " it is quite pos- 
sible that they represent the base of the Cam- 
brian " but suggests also that they may be pre- 
Cambrian in age. The sediments exposed in 
the northern part of the Bishop quadrangle 
beneath the Reed dolomite were apparently not 
t||^||e Silver Peak quadrangle. 

J dolomite of Spurr and Turner is 
to be correlated with the Reed dolo- 
le present report, but there is some 
qnesrm^as to the correlation of the quartzites 
and schists of the section. In the Bishop 
quadrangle a series of beds with an observed 
maximum thickness of 1,600 feet overlies the 
Reed dolomite in one place and is practically 
cut out in another place a few miles away. 
The quartzites and schists of Spurr and Turner 
may represent either this 1,600-foot series in 
whole or part, or the overlying Campito sand- 
stone, or both. 

The pre-Campito sediments may be subdi- 
vided, on lithologic grounds, into three units. 
The lowest is a series of sandstones and thin- 
bedded impure dolomites of unknown thick- 
ness, which because of its slight areal extent 
and its unsatisfactory exposures has not been 
named. Above comes the Reed dolomite, 
which is locally overlain by the Deep Spring 
formation. The Campito sandstone on the 
west side of Deep Spring Valley rests on the 
Deep Spring formation, and at the head of 
Wyman Creek on the Reed dolomite, with pos- 
sibly a remnant of the Deep Spring formation 
between. 

Walcott maintains that all the pre-Cambrian 
sediments on the continent are nonmarine. 



^Sparr, J. E., Ore deposits of the Silver Peak quadrangle, 
Nev. : U. 8. Geol. Survey Ptof. Paper 55, p. 18, 1906. 

■Tomer. H. W., Oontributi^ to the geology of the Silver 
Peak quadrangle, Nev. : Geol. ]^oc. America BuU., vol. 20, p. 
238. 1909. 



The pre-Cambrian sediments in the Inyo 
Range are certainly shallow-water deposits, as 
shown by ripple marks, mud cracks, and litho- 
logic features. The same arguments might be 
adduced for their nonmarine origin as for that 
of the pre-Cambrian sediments of the northern 
Rocky Mountain region. But there seems to 
be no definite evidence one way or the other. 

OLDEST SANDSTONES AND DOLOMITES. 

The oldest sedimentary rocks exposed in the 
area are found in the extreme northern part of 
the Bishop quadrangle. In this area there are 
large intruded masses of igneous rocks and 
much of the surface is covered with extruded 
basalts. In addition the structure of the region 
is made more complex by numerous faults, 
some of which are of considerable magnitude. 
The structural complexity of the region, its in- 
accessibility, and the short time available 
made detailed work impossible ; but it appears 
that the rocks under the Reed dolomite are ex- 
posed immediately east of the range formed by 
the Reed dolomite and north of Wyman Creek. 
It is probable also that a considerable series of 
these beds forms the western and northern 
faces of the mountain (elevation 10,121 feet) 
that stands in the eastern angle between 
Wyman Creek canyon and the southward- 
trending canyon which is traversed by the road 
to Coldwater Spring. The rocks in the low 
area north of Wyman Creek are greatly dis- 
turbed by faulting and folding. 

The beds immediately under the Reed dolo- 
mite are well shown on the north side of 
Wyman Creek canyon. The sediments here 
consist of thin-bedded arenaceous slates which 
grade downward into more heavily bedded 
sandstones. As only a few feet of the beds are 
exposed, it is not possible to determine whether 
they are the initial deposits of the Reed or the 
terminal deposits of the underlying series. In 
general, the series as seen at several points 
seem to consist of thin beds of arenaceous 
slate, some beds of impure dolomite, and thin 
beds of sandstone. Most of the sandstones are 
dark brownish black with reddish streaks. The 
impure dolomitic limestones break down into 
blocks that form white talus slopes somewhat 
similar to those of the Reed dolomite though 
different in their smoother contours and smaller 
blocks, and in the mixture of sandstone with 
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the dolomite. The rocks are generally consid- 
erably metamorphosed and many of them are 
schistose. The sandstones are at many places 
cross-bedded. Ripple marks and mud cracks 
are abundant. 

The only fossils seen were problematic struc- 
tures, 6 to 8 inches in diameter, that are pos- 
sibly referable to Cryptozoa. 



REED DOLOMITE. 



The Reed dolomite is one of the most strik- 
ing features in the northern part of the Bishop 
quadrangle. It forms the axis of a southward- 
pitching anticline and disappears beneath the 
Campito sandstone in the region north of the 
Mollie Gibson mine. It is also exposed along 
Marble Canyon, on the west side of the range, 
from a point below the month of Black Canyon 
to about the point where the 6,200- foot contour 
crosses the canyon. Along the west side of 
Deep Spring Valley it is exposed by faulting 
at the heads of the canyons north of Antelope 
Spring and on the crest of the range. Farther 
south it was not definitely recognized, but it 
may be locally exposed by faulting. 

The Reed dolomite forms bold, forest-clad 
mountains and a long white ridge that stands 
out sharply from the dark basal sandstones and 
is clearly visible for miles. Blanco Mountain, 
which is practically the northe;*n limit of the 
dolomite, is composed wholly of it. The con- 
trast in topogi'aphy and appearance of outcrop 
between the Campito and Reed is strongly 
marked. (See PI. V, .4.) The Reed is well 
forested, and the Campito is practically tree- 
less. 

The name of the dolomite is taken from Reed 
Flat, along whose eastern side it is prominently 
exposed for several miles. The best section is 
in the canyon at the head of Wyman Creek, in 
sec. 7, T. 6 S., R. 35 E. At the east end of the 
canyon, through which the road passes, the base 
shows clearlv in the north wall, and at the west 
end the contact with the overlying sandstones 
may be seen. The thickness of the dolomite as 
paced through this canyon is about 2,000 feet, 
and, as no evidence of repetition by faulting is 
apparent, this estimate is doubtless reasonably 
accurate. 

The dolomite is heavy bedded. Indeed, in 
the Wyman Canyon section it was impossible 



to recognize bedding planes, and the dip could 
be measured only at the base and top. The 
dolomite is much jointed and breaks up into 
large angular blocks that form rough talus 
slopes. Lithologically it varies from almost 
aphanitic to coarsely crystalline. In fresh 
fracture it is typically white or slightly bluish, 
but on weathering it becomes slightly creamy 
to buff. The talus as a whole appears white, 
but many of the beds are mottled and speckled 
by stains caused by small particles of iron 
oxide. 

The only fossils foimd in the Reed dolomite 
are poorly preserved forms that strongly sug- 
gest calcareous algae of the type of GirvaneUa. 
In certain layers these algae were abundant. 
None seen was larger than an inch in diameter. 



DEEP SPRING FORMATION. 
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The Deep Spring formation derivi 
from Deep Spring Valley, along wlMhi 
side, in the canyons north of Antelope *fipring, 
it is splendidly exposed. At the head of the 
second canyon north of Antelope Spring about 
1,600 feet of the sandstones and dolomitic 
limestones of the formation, dipping 40®, un- 
conformably overlies the Reed dolomite, which 
forms the main niAss of the moimtain. and is 
unconformably overlain by the Campito sand- 
stone. The same series is apparently shown in 
part on the lower portion of Wyman Creek 
below the Roberts ranch, but the rocks there 
are greatly disturbed, and any correlation must 
of necessity be based on lithologic similarity 
and be of uncertain value. 

Along Reed Flat and at the head of Wyman 
Creek the Deep Spring formation is absent or 
is at most represented by a negligible remnant 
Near Goat Spring in Reed Flat the rocks im- 
mediately above the Reed are poorly ezi>osed 
for a thickness of approximately 175 feet. The 
surface material indicates that this interval is 
represented by reddish-weathering sandstones, 
which break down into small angular frag- 
ments. Above these sandstones come the char- 
acteristic dark purplish-red cross-bedded sand- 
stones of the Campito, which break down into 
large angular blocks. Lithologically these beds 
do not resemble any in the Deep Spring forma- 
tion, which, if represented at all on the western 
side of the range, has a thickness of not more 
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I . • ' feet In Marble C»By on the Campito 
1 1 ills to rest directly on the Reed. 
'.'••^ following section of the Deep Spring 
I iuuLJon shows its lithologic character.. The 
formation rests unconformably on the Reed 
dolomite, and is overlain unconformably by the 
Campito. No organic remains were found 
in it. 

Section of Deep Spring formation in second canyon 
north of Antelope Spring on west side of Deep 
Spring Valley. 

Feet 
Sandsfone. massive, irregularly bedded, buff, 

calcareous 35 

Sandstone, heavy, blue to gray, calcareous 170 

Sandstones and arenaceous slates, dark brown 

in fresh fracture, weathering black 150 

Sandstone, massive, bluish and gray, calcareous. 40 
Limestone, buff, with well-marked iron-stained 

bands 120 

Sandstone, massive, blue, quartzitic- 10 

Sandstone, thin bedded to massive, grayish 
white, weathering platy ; iron stained In 
bands; near top distinctly banded in bluish 

gray and white 70 

Shales, arenaceous, with interbedded quartz- 
itic sandstone 6 

Sandstone, white, quartzitic, thinly bedded at 

base, more massive above 42 

Sandstone, shaly, merging upward into overly- 
ing blocky sandstone 9 

Sandstone, fairly massive, buff 25 

Sandstone, bluish, platy, quartzitic, weathering 
in blocky angular fragments; banded with , 

browns, reds, and grays 186 

Sandstone, massive, fairly soft; grayish toward 

base, buff above 40 

Sandstone, quartzitic; buff toward base, gray- 
ish above; marked by a very characteristic, 

sharp, ribbon-like banding 100 

Sandstones, quartzitic to fairly soft, thin to 
heavy bedded ; ranging in color from buff to 

dark gray 1 139 

Sandstone, white, massive; weathering slightly 

buff - 30 

Sandstone, quartzitic ; irregular contact at base ; 
basal xwrtion deeply iron stained, dark buff 

aboTOi 45 

Limestone, very coarse, crystalline 15 

Limestone, heavy bedded, buff and white, sac- 

charoidal, arenaceous ; weathering readily 130 

Limestone, dirty white 15 

Sandstone, massive, coarse grained, banded, 

weathering buff 25 

Sandstone, thin bedded, greenish and buff 

weathering, quartzitic 60 

Limestone, heavy bedded, buff weathering 5 

Sandstone, thin bedded, platy, grayish and buff, 
quartzitic, in one or two fairly thick beds 47 



In part concealed. The greater part apparently 
grayish, crystalline limestone. Some heavy, 
white quartzite banded with brown 

Quartzlte, thin banded, copper stained (lo- 
cally ) , brownish 



Feet. 



81 



8 



1,603 



UNCOXFORMmr AT BASE OF CAMPFTO SANDSTONE. 

It seems best to draw the base of the Cam- 
brian in this region at the base of the Campito 
sandstone. The Deep Spring formation and 
the underlying rocks have little in common 
lithologically with what is here regarded as 
Lower Cambrian, and have much in common 
with pre-Cambrian sediments found elsewhere 
in the Western States. It is but natural to as- 
sume that the first sediments deposited on the 
floor of the Lower Cambrian sea yvhich invaded 
this area would have formed a series of sand- 
stones, and this assumption is best met by th^ 
Campito. The unconformity at the base of 
the Campito appears to be the most striking 
of those noted in this region. It seems certain 
that within a few miles, 1,500 feet or more of 
the Deep Spring formation has been eroded 
away, indicating erosion covering a long pe- 
riod. The absence of any organic remains 
other than calcareous algae and Cryptozoa.( ?) 
in the rocks below the unconformity is nega- 
tive evidence, to be sure, but is nevertheless im- 
portant. Tlie Campito likewise (so far as is 
known) carries no fossils other than annelid 
trails and trilobite (?) tracks, but its litho- 
logic affinities are all with the overlying fos- 
siliferous beds. The position of tliis great 
series of sandstones and dolomites, here classed 
as pre-Cambrian, beneath the lowest known 
fossiliferous Lower Cambrian (the oldest 
Lower Cambrian known in America) is in it- 
self strongly suggestive of its pre-Cambrian 
age. 

CAMBRIAN SYSTEM. 
OEKEBAL CHABACTEB. 

The first account or the Camorian sediments 
in the Inyo Range was that of Gilbert,^ who 
crossed the range from Deep Spring Valley to 

1 Gilbert, G. K., Geolojry of portions of Nevada, Utah, 
California, and Arizona : U. S. Geog. and Geol. Surveys 
W. 100th Mer. Kept., vol. 3, pt. 1, p. 169, 1875. 
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Owens Valley and measured the section given 
below. He expressed no opinion as to the age 
of the beds seen and apparently collected no 
fossils, although the richly coralline beds of 
this region are well shown along the road on 
the west side of the range. According to Gil- 
bert's description it seems probable that the 
beds measured by him are confined to the Sil- 
ver Peak group. 

Rocks exposed on the east face of the Inyo Range at 
pass between Deep Spring Valley and Owens Valley, 

Feet (estimated). 
Quartzite and siUceous schist: 

Schist, greenish, siliceous; blue-gray 

quartzite at base 500 

Quartzite, calcareous, pale gray 50 

Schist, hard, pale green; bauds of 
quartzite and limestone 200 

750 

Limestone, massive, blue ; veined with white 

calcite 75 

Clay shale and calcareous quartzite: 

Quartzite, yellow 20 

Shale 200 

Quartzite, yellow 1 20 

Quartzite, umber brown 50 

290 



1,115 



Not until the Cambrian sections of the Inyo 
Range (White Mountains) had been studied by 
Walcott was there any definite conception of 
the age or approximate thickness of the Cam- 
brian. The work of Turner and Spurr in the 
Silver Peak quadrangle, Nev., northeast of the 
Bishop quadrangle, although it threw some 
light on the Cambrian of the region, was not 
sufficiently detailed to afford much definite 
information. 

The Cambrian sediments of the Inyo Range 
have an aggregate thickness of more than 
12,000 feet. Lower, Middle, and Upper Cam- 
brian time are represented, but the Lower Cam- 
brian makes up the bulk of the deposits, hav- 
ing a thickness of not less than 10,200 feet, 
more than half of wliich consists of clastic 
sediments. The Lower Cambrian of this area 
is not only notable for its great thickness, but 
it contains the oldest Cambrian deposits known 
on the continent. The Lower Cambrian is 
here divided into the Campito sandstone at 
the base and the Silver Peak group above. 
The Middle Cambrian, which has not pre- 



viously been recorded from this area, comprises 
some 900 feet of strata, most of which are 
clastic sediments. The- Upper Cambrian is 
represented by 1,000 feet or more of calcareous 
sandstones, impure limestones, and arenaceous 
shales, which are doubtless equivalent to most 
of the Emigrant formation of Turner. 

LOWEB OAXBBIAH B0CS8. 

GENERAL FEATL^RES. 

The Lower Cambrian rocks of the area here 
considered lie almost entirely within the 
Bishop quadrangle. That part of the range 
which lies north of the Saline Valley road con- 
tains no other sedimentary rocks. The rocks 
south of that road, on the west side of the 
range, ai-e higher Cambrian and Ordovician. 
East of Waucoba Mountain the Lower Cam- 
brian, which should be considerably beneath 
the surface, has been exposed by the great up- 
thrust of igneous rock that forms Waucoba 
Mountain. There is no place in this whole 
area where an even reasonably complete section 
is to be had. The Campito sandstone is ex- 
posed in all the canyons north of Black Can- 
yon along the west side of the range and in 
Deep Spring Valley, in the second canyon 
north of Antelope Spring. Fine sections of 
different parts of the formation may be seen in 
Payson Canyon. The Silver Peak group is in- 
volved in the folding along the west front 
of the range from the northern limit of the 
Bishop quadrangle to Squaw Flat. The best 
section seen is along Andrews Mountain. The 
formations here described extend northeast- 
ward into the adjacent Silver Peak quadrangle, 
which is the type area of the Silver Peak 
group. 

The Lower Cambrian section in the Inyo 
Range is of exceptional interest. It is thicker 
than any other known Lower Cambrian de- 
posit in America and carries the oldest known * 
Cambrian fauna. Because of these facts Wal- 
cott has chosen this area as the type area of 
the Lower Cambrian in America. The term 
Georgian applied in former days to the Lower 
Cambrian series is preoccupied, so in place of 
this term Walcott has proposed the name Wau- 
coba n series. His type section, in which the 
Silver Peak group alone is represented, lies 
on the east side of Waucoba Mountain on the 
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northwest side of Saline Valley. The section 
is incomplete in its upper and lower portions, 
and the beds are somewhat disturbed, the 
faulting and folding shown in the rocks here 
being doubtless due to the proximity of the 
Waucoba Mountain intrusive mass. A better 
section is exposed northeast of Waucoba Moun- 
tain, along Andrews Mountain. (See PL V, 
^4.) The section here is complete except for 
the basal sandstones (Carnpito) of the Cam- 
brian, which are apparently not shown to ad- 
vantage south of Deep Spring Valley.. Wal- 
cott,* indeed, notes the presence of a small mass 
of Lower Cambrian sediments west of Big 
Pine, in the foothills of the Sierra Nevada, but 
this probably represents some part of the Sil- 
ver Peak group. 



CAMPITO SANDSTONE. 



Distribution. — The Campito sandstone, 
which, next to the Silver Peak group, is the 
most widely distributed Cambrian or pre- 
Gambrian formation, is well exposed in the 
canyons on the west side of the range in the 
north half of the Bishop quadrangle. At the 
head of Coldwater Canyon and on Campito 
Mountain it is prominently displayed, though 
perhaps not so well as at some other places 
which are unnamed and are therefore diflScult 
to cite. A particularly good section is afforded 
in the canyon opening into Deep Spring Valley 
about a mile north of Antelope Spring. A 
photograph of a part of the series in Soldier 
Canyon is given by Walcott.^ The base of the 
Campito may be seen in Black Canyon near 
its mouth, along the east side of Reed Flat at 
different points, at the head of Wyman Creek, 
and in the canyon on the west side of Deep 
Spring Valley. 

lielations, — In Deep Spring Valley, where 
typical basal Campito rests on the Deep Spring 
formation, the contact is somewhat obscurgcl 
but appears to be one of well-d§finfid uncon- 
^^formity. Along the west side of the range the 
Seed dolomite is overlain by a yellowish-brown 
cross-bedded sandstone 12 to 15 feet thidL 
which is in turn overlain by nearly 175 ftiSHP^ 
soft reddish-brown sandstones that carry some 



*Walcott, C. D., Ijower Cambrian rocks In eastern Cali- 
fornia: Am. Jour. Sci., 3d ser., vol. 49. p. 141, 1895. 

'Walcott, C. D., Cambrian tfeolo^y and paleontology 
(No. 5) ; Cambrian sections of the Cordilleran area : Smith- 
aonian Misc. Coll., vol. 53, pi. 18, 190& 



thin beds of impure limestone. On the east 
side of the range, on the other hand, at the 
head of Wyman Creek, dark purplish-red sand- 
stones of the Campito type underlie the lime- 
stone lenses. The exposures of this part of the 
section are not good, for most of them are on 
slopes which are largely covered with debris, 
and for this reason it is difficult to say with 
certainty whether the 200 feet or less of strata 
overlying the Reed represents the base of the 
Campito or the base of the Deep Spring forma- 
tion. The writer is inclined to believe that the 
Deep Spring formation has been eroded away 
and that the Campito rests directly on the 
Reed dolomite. 

The upper limit of the Campito is placed at 
the lowest horizon at which fissile calcareous 
shales and fairly pure masses of limestone 
appear. No good exposures of this portion 
of the section were seen, and it is not known 
whether or not an unconformity exists be- 
tween the Campito and the overlying Silver 
Peak group. The gradual increase in shale 
upward in the Campito and the presence in the 
Silver Peak group of sandstones that resemble 
those of the Campito indicate a close relation- 
ship between the two. The marked lithologic 
difference between the two groups of sediments 
in the mass, however, and the essential unity 
of character of each are sufficient justification 
for giving the sandstone a name. Broadly 
speaking, the difference between the two is that 
the Campito represents deposition in shallow 
water and the Silver Peak group deposition in 
fairly deep water. 

Thickness. — Walcott* estimated the thick- 
ness of the Campito sandstone at 2,000 feet 
from the exposures in Silver Canyon; but 
careful estimates made bv the writer at more 
favorable places along the west side of the 
range show that it is not less than 3,000 feet. 
On the west side of Deep Spring Valley, where 
the Campito is well exposed throughout its 
mass, a paced measurement gave 3,200 feet. 
Corrections were made for irregularities in the 
course of the canyon, and the thickness as com- 
puted should be fairly accurate. It is certainly 
underestimated rather than overestimated. 

Character. — ^What might be called typical 
Campito sandstone is on fresh fracture a dense, 

* Walcott, C. D., Lower Cambrian rocks in eastern Califor- 
nia: Am. Jour. ScL, 3d ser.. vol. 49, p. 143, 1895. * 
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fine-grained grayish sandstone with conspicu- 
ous fine dark lines that indicate highly complex 
cross-bedding. Under the niicroscoi)e it is 
seen to be composed largely of quartz and 
plagioclase. The cement has recrystallized 
chiefly to chlorite and sericite. Magnetite, 
probably to the extent of 2 or 3 per cent, is 
present, as are also minor amounts of detrital 
tourmaline and zircon. On weathering the 
sandstone becomes a reddish brown to dark 
purplish rod. With sandstone of this type, 
which constitutes the greater portion of the 
mass, are associated some bands of very dense 
lighter-colored quartzitic sandstone, separated 
by thin layers of siliceous slate. The latt<?r 
occur as partings between the layers of dense 
sandstone. The beds in the upper third of the 
series are somewhat more slatv and include 

ft, 

zones that are curiously and, near the top of 
the series, very notably speckled by ferric 
oxide. Throughout the series flecks of chlorite 
are abundant. Well-developed joints traverse 
the beds and cause the sandstone to break 
down in angular blocks. 

The dark Campito sandstone exhibits re- 
markable cross-bedding at several horizons, 
but especially in the lower part of the forma- 
tion in Keed Flat and in the upper part near 
the head of Soldier Canyon. The cross-bed- 
ding is poorly shown on fresh fracture, but on 
weathered surfaces it is plainly marked by 
black lines that contrast sharply with the red- 
dish-brown quartzite. The bedding planes dip 
at a low angle and are very complex. The 
cros#l)edding is on a small scale and is of a 
kind that would probably l)e produced onTy in 
shallow water or on tidal flats. A character- 
istic feature is the truncation of one set of 
bedding planes by the superjacent series. 

Xo fossils except annelid trails and trilo- 
bite ( ?) tracks have been found in the Campito 
sandstones. 

(o)^relation, — The Campito formation is 
probably to l)e correlated with the Prospect 
Mountain quartzite of eastern Nevada, wfaieh 
at Prospect Peak, Eureka district, Nev.. *jn>. 
cording to Walcott, consists of about 1.500 feet 
of gray and brown quartzitic sandstone. Its 
only fossil remains are annelid trails and trilo- 
bite tracks. It probably lies at the base of the 
lower Cambrian section and extends westward 
through Nevada, and may well have been laid 



down contemporaneously with the Campito. 
The basal quartzitic material, which is of Cam- 
brian age and attains a great thickness at many 
ix)ints in Nevada and Utah, may be well cor- 
related, in part at least, with the Campito. 
The evidence seems to indicate that the initial 
Cambrian sea spread widely throughout this 
general region and everywhere deposited dense 
quartzitic sandstones. 



SILVER PEAK GROUP. 



The name Silver Peak was proposed by 
Turner* and used by Walcott^ for •the fos- 
siliferous series of Lower Cambrian sediments 
in western Nevada and eastern California. 
Turaer's type area is in the Silver Peak quad- 
rangle, northeiist of the Bishop quadrangle. 
The group apparently has the same lithologic 
and faunal characters in both areas. 

Dfstrihuffon. — The Silver Peak group is the 
most widely distributed of the Cambrian or 
pre-Cambrian units in the Inyo Range, having 
been identified from Coldwater Canyon on the 
north to Waucoba Mountain on the souUi. 
(lood sections of parts of the group may be 
found in any of the canyons on the west side 
of the range as far south as Waucoba Canyon, 
but in most of them the strata are greatly 
faulted and folded. The two most complete -^ 
sections are that north of Waucoba Springs on 
the northwest side of Saline Vallev, which was 
measured by Walcott, and that along the north- 
west face of Andrews Mountain, northwest of" 
Waucoba Mountain. (See PL V, iff.) No 
opportunity for studying the Waucoba Springs 
section in detail was offered, but a fair idea 
of it was gained and parts of it were roughly 
cori'elated with the section along Andrews 
Mountain. 

Walcott 's section (north of Waucoba 
Springs) does not show the Campito sandstone, 
so it is evident that an unknown amount of the 
basal portion of the Silver Peak is wanting; 
and comparison of the section with the one 
along Andrews Mountain northwest of Wau- 
1 jBoliaiMountain shows that some of the upper 
WB^also are missing. The Andrews Moun- 
tain section probably lacks more of the basal 

' Turner, 11. W., A sketch of tho hlRtorical frcolORy of 
EHmfTalda County. Nov. : Am. (2eolo>rist. vol. 29, pp. 264- 
265. UK)2. 

3 Waloott. C. I»., Cambrian seotionft of the Oordillenm 
area : Smithsonian Misc. Coll.. vol. 53. p. IS.'i, 1008. 
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portion than that at Waucoba Springs, but ac- 
curate correlation of the two is difficult. The 
basal portion of the Andrews Mountain sec- 
tion, however, is probably represented within 
series 1 of Walcott's section. 

Thickness. — ^More than half the section at 
Andrews Mountain was carefully measured 
and the rest estimated from the dip and the 
width of the outcrop, the total amounting to 
not less than 6,000 feet. In the portion esti- 
mated there was no evidence of repetition by 
faulting. The series as measured by Walcott 
at Waucoba Springs has a thickness of 5,670+ 
feet. Farther north, where the relations of 
the Campito and Silver Peak are fairly well 
shown, several hundred feet of shales, sand- 
stones, and limestones (above the Campito) 
underlie massive limestones like those at the 
base of the section %t Andrews Mountain. The 
Silver Peak group in this region has therefore 
a minimum thickness of 6,500 feet and a prob- 
able thickness of 7,000 feet or more. 
, Character. — ^The Silver Peak gi'oup consists 
in the main of calcareous shales, sandstones, 
and limestones, all three of which are fossilif- 
erous. The sandstones are generally calcareous 
and those in the lower half of the group are 
light in color but weather buff to brown. 
Those in the upper half on weathering break 
down into fragments similar to but smaller 
than those of the Campito, from which they 
may easily be distinguished when fresh by 
their distinctly greenish cast. They have the 
same fine black lining indicative of cross-bed- 
ding. Many of the shale layers in the Silver 
Peak are soft and most of them are distinctly 
greenish. The limestones are of several types, 
all of which are massive and marine and carry 
large numbers of corals at several horizons. 
Cross-bedded, bluish-gray, oolitic strata are 
rare, and light-colored limestones weathering 
buff are abundant. There are also crystalline 
limestones, which weather gray and contain 
large numbers of orbicular bodies of clear cal- 
cite, as noted by Spurr, Turner, and Walcott. 
These bodies are evidently products of recrys- 
tallization, but it is not known whether the 
original spherules were of organic origin, for 
no structure is now visible. The bodies range 
from one-fourth to three-fourths of an inch 
in diameter; those measuring half an inch are 
very abundant. The shales, sandstones, and 



shaly partings in the limestones are generally 
highly micaceous. The characteristic differ- 
ence of the Silver Peak group from the under- 
lying sediments is that it contains calcareous 
fissile shales and true marine limestones. 

The following section of the Silver Peak 
group as exposed on the northwest side of Sa- 
line Valley just north of Waucoba Springs is 
taken from Walcott.^ The section as given has 
been somewhat abridged : 

Section of Silver Peak group, Jjower Cambrian, east of 
Waucoba Springs, on the Saline Valley road, Cal. 

Fe€t. 

Bluish-gray compact limestone with ir- 
regular, inosculating threads and 
stringers of yellowish to buff magne- 
sian limestone. Immense numbers of 
darlc concretions one-fourth to 1 inch 
in diameter occur in the greater pro- 
portion of the layers. The latter vary 
from 6 inches to 2 feet in thickness. 
Fauna: Sections of a calcareous 
brachiopod and a large Orthotheca- 
* like shell occur about 50 feet from 
the base 525 

Light bluish-gray limestone 115 

Massive, bedded dark bluish gray lime- 
stone 00 

Lead-colored arenaceous limestone with 
layers of sandstone 1 to 2 inches 
thick in bands in lower portion, with 
a band of cross-bedded buff calcare- 
ous sandstone about 50 feet from the 
base. Layers of bluish-gray limestone, 
banded dark and light gray limestone, 
and a few layers of brown quartzitic 
sandstone occur at irregular inter- 
vals. Fauna ( 105 feet from the base) : 

SaltereUay Holmia weeksi n. sp 340 

1,040 

Dark siliceous inilurated shales, shaly 
sandstone, and quartzitic sandstone 
in alternating layers. Fauna: An- 
nelid trails, Cruziana 35 

Buff, drab, and bluish-gray arenaceous 
limestone, alternating in layers and 
bands 120 

Gray and dirty -brown sandstones, with 
bands of light-gray quartzitic sand- 
stones 125 

Gray limestone, becoming arenaceous 
and passing into gray and dirty 
brown sandstone. Fauna : Traces of 
fragments of trilobites on the surface 
of the sandstone 105 

1 Walcott, C. D., Cambrian sections of the Cordilleran 
area: Smithsonian Misc. Coll., vol. 53. pp. 185-188, 1908. 
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Feet. 



Gray and dirty-brown, compact sand- 
stone in layers from 2 inches to 2 or 3 
feet In tliickness. In the lower por- 
tion of the strata are layers of mash 
sive-beikled gray quartzitic sand- 
stone. Small concretions 1 to 2 milli- 
meters in diameter are very abun- 
dant in many of the upper layers 

Hard brown and gr^iy shaly sandstones, 
with an occasional irregular thin 
layer of bluish-gray limestone 

Bluish-gray arenaceous limestone In 
thick layers 

Greenish-colored arenaceous shale 

Alternating bands of arenaceous shale 
and massive-bedded gray quartzitic 
sandstones. Fauna (50 feet from the 
top) : SaltcreUGj OleneUus (frag- 
ments) ; Scolithus iK?curs abundantly 
in many of the quartzitic sandstones. 

Gray quartzitic sandstones in layers 8 
inches to 3 feet in thickness, passing 
below 35 feet into buflF to yellowish 
shale with greenish buff bands, with 
some interbedded gray quartzitic 
sandstones. Fauna ( in quartzitic lay- 
ers) : Scolithus like S, linearis 
Haldeman; (in lower portion) 
Obolella sp. undet., Holmia roweij 
n. sp 

Gray and brownish-gray quartzitic 
sandstones in layers 6 inches to 3 
feet in thickness. Fauna: Annelid 
trails on the surface of the layers — 



365 



155 

25 
120 



430 



485 



790 



2, 755 



At summit a band of bluish-gray lime- 
stone, with sandstones and occa- 
sional layers of thin-bedded lime- 
stone below. At 290 feet down a 
band of arenaceous limestone 50 feet 
thick occurs. Below this, brown 
sandstone and sandy shales, with in- 
terbedded thin layers of limestone in 
the lower 1(X) feet. Fauna (430 feet 
from base) : Numerous fragments of 
Olenellus 

Argillaceous and sandy shale, with a 
few thin beds of limestone. Fauna 
(160 feet from base) : Oholelln sp. 
undet., Tremaiobolus excelMs Wal- 
cott 

Alternating arenaceous limestones, 
shales, and dirty-brown sandstones 
that break into angular blocks and 
fragments. Fauna (275 feet from 
base) : Archaeocyathus is very abun- 
dant 

Shaly indurated sandstones, with a few 
thicker layers of almost quartzitic 
stmdstone. Fauna (on west slope of 
hill just east of the summit, where 
the Saline Valley wagon road passes 



650 



Feet. 



200 



575 



down the slope toward Waucoba 
Springs) : Annelid trails, Cmziana, 
Tremaiobolus excelsis Walcott, Hol- 
mia rowcij n. sp. ; (on the east side 
of the hill and in lower portion) ; 
Archaeocyathus, Ethmophyllum yra- 
cile Meek, Mi(*kicitzia occidens Wal- 
cott, O 60/ W/a sp. undet., Trcmatobolus 
excelsis Walcott, Hyolithes sp., 
Holmia rmoei, n. sp 



450 



1,875 



5,670 



In this section the genus Olenellus ranges 
through 4,000 feet of strata, and its lower limit 
is unknown. 

The following section gives the character of 
the uppermost 557 feet of the Lower Cambrian 
as exposed on the west end of Andrews Moun- 
tain close to the Buckhom mine. The meas- 
urements are approximate but fairly accurate. 
Xone of the beds is apparently represented in 
Walcott's section. Above them is a 50-foot^ 
ledge of quartzite that forms the crest of the 
mountain and is held to be the initial deposit 
of the Middle Cambrian. 



Section of uppermost part of Lower Cambrian on tcest 
end of Andreirs Mountain, Cal. 

FetiU 

Shale, greenish, with some sandstone layers 
near base; higher up heavy sandstone le<lges 
up to 5 feet . in thickness. Shales at base 
are heavily bedded an<l arenaceous; above 
they are fissUe and weather down in small 
thin fragments; fresh shale Is olive-green, 
weathering to reddish brown and to decided 
red 200 

Limestone, impure, brownish buff (prospect 
hole in this) 10 

Snndstone, fairly massive, greenish brown, 
calcareous, micaceous; annelid traUs and 
Arthrophycus-Mke structures 80 

Limestone, blue, with reddish-brown lamina- 
tions 21 

Limestone, crystalline, weathering buff to red- 
dish brown, spherulitic 15 

Shale, greenish, lined with darker green 50 

Limestone, grayish blue to nearly white, with 
calcite veins ; oolitic in places ; spherulitic in 
layers 200 

Sandstones, weathering brick-red. In fresh 
fracture decidedly greenish. 

Fossih. — More complete faunal lists than 
those given in the Waucoba Springs section 
are to be found in Walcott's monograph on 
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the Cambrian Brachiopoda.* Some of these 
follow : 

Locality 7. Shaly beds about 1,000 feet above the 
qnartzitic beds, Silver Canyon, White Mountain 
Range, Inyo CJounty, Cal. 

Kntorgina perugata. 

Yorkia wanneri? 
Locality 8. Limestone In Tollgate Canyon, about 15 
miles east of Big Pine, White Mountain liange, Inyo 
County, Cal. 

Kutorgina sp. 

Obolella vermilionensis. 

Wimanella iuyoensis. 
Locality 53. Sandstones in the lower portion of 
third of tlie Waucoba Springs section, 1 mile east of 
Saline Valley road, about 2.5 miles east-northeast of 
Waucoba Springs, Inyo County, Cal. 

Mickwitzia occidens. 

Obolella vermilionensis. 

Trematobolus excelsis. 

Archaeocyathus. 

Ethmophyllum gracile. 

Hyolithes sp. 

Wanneria gracile. 
Locality 312. Sandstones of third [at bottom] of 
the Waucoba Springs section, east of Saline Valley 
road, east of W^aucoba Springs, Inyo County, Cal. 

Trematobolus excelsis. 

Cruzlana. 

Holmia rowei. 
Locality 176. Shales and interbedded limestones be- 
tween massive limestone containing Archaeocyathus, 
at the south end of Deep Spring Valley, Inyo County, 
CaL 

Obolella vermilionensi& 

Obolella? sp. 

Trematobolus excelsis. 

Wanneria gracile. 

Olenellus fremonti. 
Locality 178a (slightly higher than 176 but same 
locality). 

Trematobolus excelsis. 

Billingsella highlandensis? 

Wanneria gracile. 

Olenellus fremonti. 

The coral faunas noted in the several lime- 
stones are of considerable interest. In places 
they are so abundant that they suggest reef 
structure, occurring in richly coralline lime- 
stone masses that appear to be lenticular and 
to have a restricted areal distribution. 

mBDLE AHD VPPEB CAXBRIAK BOCKS. 

Distribution, — In the Inyo Range the Mid- 
dle Cambrian is represented by a series of cal- 

^ Walcott, C. D., Cambrian Brachiopoda : U. S. Geol. Sur- 
▼ej Mod. 51, pp. 170 et aeq., 1912. 



careous sandstones and limestones 900 feet or 
more thick, which are typically exposed on the 
divide between Squaw and Harkless flats. The 
basal quartzite of the series forms the crest of 
the peak just west of the Buckhom mine on 
the west end of Andrews Mountain, and the 
higher beds extend westward along the ridge 
from this point. The rocks, so far as known, 
have a very small areal distribution, having 
been seen only on the ridge indicated and in 
poor exposures along Harkless Flat. 

The section as exposed is given below. The 
thicknesses are approxunate. 

Section of Middle Cambrian rocks. 

Feet. 

(?) Limestones, granular, fossiliferous 100-h 

Quartzite, thin bedded, and calcareous sand- 
stones • 750 

Quartzite, white; in beils from 6 to 8 feet in 
thickness 50 



900+ 



The only known exposure of the Upper Cam- 
brian is on the divide between Harkless and 
Squaw flats, west of the Middle Cambrian sec- 
tion; and it was, unfortunately, impossible to 
follow it westward to the Ordovician strata. 
South of Squaw Flat the Upper Cambrian is 
apparently not exposed. North of Squaw Flat 
faulting has occurred, but the hasty examina- 
tion possible disclosed none that would mate- 
rially affect the relative positions of the beds 
or notably change their apparent thickness. 

The shales of the series form the floor of the 
western portion of Harkless Flat and outcrop 
at several places on the divide to the south, but 
no good exposure of them was seen. Their 
thickness is estimated at about 1,000 feet. 

Age. — The age of the granular limestones 
overlying the sandstones is doubtful. The only 
fossils found were identified by Dr. Charles D. 
Walcott as Nisvsia sp. (probably new) and 
Hyolithes sp. From this meager evidence he 
concluded that the beds can not be younger 
than Middle Cambrian. As a matter of fact, 
the fossils suggest Lower Cambrian types. It 
does not seem probable that there is a fault in 
this part of the section, but only the most hasty 
examination of the. section could be made. 
There can be no question as to the age of the 
apparently underlying sandstones, however, for 
they carry characteristic Middle Cambrian 
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trilobites that were identified by Dr. Walcott 
as Ogygopsis sp. near 0. klotzi, 

A few fossils found near the base of the are- 
naceous limestones of the Upper Cambrian 
series were determined bv Dr. Walcott as 
Ptychoparia sp. and Obolus sp., which indicate. 
Upper Cambrian age. The beds seem mod- 
erately fossiliferous, and a fair fauna could 
doubtless be collected from them in a few 
hours. 

Character. — ^The basal 50 feet of the Middle 
Cambrian consists of an exceedingly dense, 
white quartzite in beds 6 to 8 feet thick. So 
dense is the quartzite that prospectors have 
taken out claims on it, thinking it a quartz 
ledge. It caps the peak above the Buckhorn 
mine and runs northwestward, forming the 
crest of an eastward-facing escarpment for 
about 2J miles. 

The overlying sandstones are much less re- 
sistant and form a distinct saddle in the ridge. 
The main mass of these beds consists of thin- 
bedded calcareous, somewhat micaceous sand- 
stones that weather a dark reddish brown. 

The limestones overlying the sandstones are 
crystalline to oolitic in texture. When fresh 
they are bluish gray, but on weathering they 
develojPsmall ocherous bodies that give them 
a decidedly reddish-brown appearance. On 
the knob west of Andrews Mountain (marked 
9,115 feet on PL I) they are well exposed, and 
it was here that fossils were collected. 

Lying above the Middle Cambrian calcareous 
sandstone and limestone are arenaceous lime- 
stones and shales which are correlated with 
part of the Emigrant formation (Upper Cam- 
brian). 

The basal quarter or third of this series of 
beds consists in the main of thin-bedded are- 
naceous limestones, which break down in small, 
irregular, angular fragments. In fresh frac- 
ture the beds are as a rule gray, but all of them 
weather to bright colors, some of them to 
brick- red and others to buff and brown. Asso- 
ciated with the limestones are greenish shales 
like those higher in the formation. 

The bulk of the series consists of greenish 
fissile shales which break down into small 
fragments and on weathering show bright-red 
and buff coloration. Interbedded with the 
shales are sandstones and some impure lime- 
stones. Lithologically the beds agree very well 



with Turners description of the Emigrant 
formation. 

Correlation, — Strata of Middle Cambrian 
age have not heretofore been recognized in 
this region. Middle Cambrian fossils were de- 
termined by Walcott * from a locality near 
Resting (Freshwater) Springs, on Amargosa 
River, in the southeastern part of Inyo County. 
It is possible that the Middle Cambrian is 
present in the Silver Peak quadrangle, but it 
was not recognized there by Turner, who may 
have included it in his Emigrant formation. 

In Emigrant Pass, in the northern part of 
the Silver Peak Range, in the Silver Peak 
quadrangle, Turner^ found a series of thin- 
bedded limestones and reddish slates with 
some black chert, resting unconformably on 
the Silver Peak (Lower Cambrian). This se- 
ries of strata he named Emigrant formation 
and assigned to the Tapper Cambrian. If, as 
seems probable. Turner included Middle Cam- 
brian beds in his Emigrant formation, they 
should be excluded and the name Emigrant 
should, in the writer's opinion, be applied only 
to the Upper Cambrian strata. Turner re- 
ports transitional beds with an admixture of 
faunas between the Emigrant and overlying 
Ordovician, but this observation will probably 
be found to be incorrect. 

The exact relations of the Middle Cambrian, 
Upper Cambrian, and Ordovician sediments in 
the Inyo Range were not determined. 

ORDOVICIAN SYSTEM. 
STTIDIVISION. 

In the Inyo Range four subdivisions of the 
Ordovician have been recognized. The lowest 
is the basal sandstone, 300 feet thick. Over- 
lying this is a great series of limestones, prob- 
ably of Beekmantown age. Above these lime- 
stones is a series of argillaceous limestones 
which is equivalent to the upper part of the 
Pogonip limestones of Hague and is of Cha2;y 
age. Apparently above these argillaceous 
limestones there is a series of arenaceous shales 
which is probably equivalent, at least in part, 
to the Palmetto formation of Turner. 



1 Walcott, C. D., Cambrian Brachlopoda : U. 8. Geol. Snr- 
vey Mon. 51, p. 185, 1912. 

'Turner, H. W., A sketch of the historical geology of 
Esmeralda County, Ney. : Am. Geologist, toI. 29, p. 265, 1902. 
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It is possible that rocks of Richmond age 
also occur in the range, constituting a fifth 
unit. There is evidence of faulting wherever 
the uppermost portion of the Ordovician and 
basal Devonian were examined. On the ridge 
just north of Barrel Spring in Mazourka Can- 
yon a much-faulted section apparently includes 
a part of the Devonian and some of the higher 
Ordovician. A small, poorly preserved fauna 
found in the Ordovician rocks suggests late 
Ordovician or Richmond — particularly a spe- 
cies of Plectambonites whose affinities seem to 
be closest to Richmond types. The informa- 
tion in regptrd to this section is, however, too 
indefinite to justify more than a suggpistion 
that rocks of late Ordovician age may be 
present. 

COBBELATION. 

Turner* described graptolite-bearing shales 
in the Silver Peak quadrangle to which he gave 
the name Palmetto formation. According to 
his and later determinations, the shales are 
from two distinct geologic horizons, the Beek- 
mantown and the Normanskill. All the mate- 
rial collected by Turner appears to come from 
the foothill country, from fault blocks whose 
relations are uncertain. By far the greater 
part of the fossils are of Normanskill age, only 
one collection from a locality southwest of 
Piper Peak being positively identifiable as of 
Beekmantown age. The Normanskill grapto- 
lites were, without exception, collected several 
miles farther south and east. It is unfortu- 
nate that Turner included the beds containing 
Beekmantown fossils in his Palmetto forma- 
tion, as the type locality in the Palmetto Moun- 
tains apparently includes only post-Beekman- 
town beds. Lithologically the two zones differ 
widely in the Silver Peak quadrangle ; and the 
name Palmetto should, in the writer's opinion, 
be restricted to the beds of Normanskill age. 

In his description of the Emigrant forma- 
tion (Cambrian), Turner states that appar- 
ently there is a transition between this forma- 
tion, and the Palmetto. This would indicate 
that the shales carrying the Beekmantown 
graptolite fauna immediately overlie the Up- 
per Cambrian and probably hold the same 
stratigraphic position as the basal Ordovician 

> Toner, H. W.» A sketch of the historical geology of Es- 
menUda Coimty, Ney. : Am. Geologist, yol. 29, p. 265, 1902. 
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sandstone and shaly beds in the Inyo Range. 
If this is true, the two graptolite zones are 
widely separated stratigraphically, which is 
possible, for Turner apparently nowhere found 
his two zones in the same area and grouped 
them together simply because they both carried 
Ordovician graptolites. He apparently did 
not recognize the beds of Beekmantown age, 
which, if present in the Silver Peak quad- 
rangle, he may have taken for Cambrian. 

In his report on the Eureka district, Nev., 
Hague ^ gives the following section of the 
Ordovician as measured by Walcott at White 
Pine, Nev. : 

Section of OrdmHcian rocks- at White PinCt Nev.» 

Trenton : Peet 

Evenly bedded, pure, bluish limestones 50 

Dark, siliceous limestone in massive beds 600 

Eureka : 

Light, vitreous quartzite, ferruginous near 

the base 350 

Pogonip : 

Dark-blue nnd black limestones, with nu- 
merous shaly belts, characterized by the 
fossils of the Upper Pogonip, as seen at 

Eureka i 900" 

Dark, evenly bedded limestones, with more 
or less siliceous bands 1 4, 300 

BalP recognized the Pogonip limestone 
with a thickness of 2,000 to 4,000 feet in the 
Belted, Amargosa, and Panamint ranges, 
which are not far east of the Inyo Range. He 
also recognized the Eureka quartzite on strati- 
graphic grounds. What he calls the Eureka 
quartzite has a thickness of some 1,200 to 1,500 
feet in the Kawich Eange, in southwestern 
Nevada, where, he says, it is "underlain by 
interbedded quartzites, shales, and limestones, 
transitional beds from the Pogonip limestone/' 
These "transitional" beds are probably the 
equivalent •of the Palmetto formation of 
Turner. 

DISTRIBUTION. 

Ordovician rocks cover a large area in the Inyo 
Range. The lower series of massive limestones 
are particularly prominent, forming bold topo- 
graphic features and apparently making up the 
entire west front of the range north and west 

« Haiirue, Arnold, Geology of the Eureka district, Nev. : U. S. 
Geo!. Survey Mon. 20, p. 191, 1892. 

*Ball, S. H., A geologic reconnaissance in southwestern 
Nevada and eastern California : U. S. Geol. Survey Bull. 308, 
p. 28, 1907. 
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of Squaw Flat. The rocks along the trail from 
the Montezuma mine to Harkless Flat are 
greatly disturbed and metamorphosed. (See 
PI. Ill, A, p. 20.) Back from the faulted face 
the limestones fonn bold light-colored hills. 
The great mountain mass south of Waucoba 
Canyon between the Mazourka Canyon and 
Saline Valley is composed chiefly of these lime- 
stones. (See PL VI, ^4.) The limestones on 
the west side of the range are cut out by fault- 
ing in the neighborhod of Coyote Spring, but 
on its east side rocks of the sAme age appear in 
the low hills in the northern part of Saline 
Valley west and north of Rattlesnake Cabin 
and they constitute the greater part of the 
sediments north of Willow Spring. The most 
favorable exposures for study are along Ma- 
zourka Canyon and to the north, around 
Badger Flat, in which the Bluebell mine is 
situated. Along Mazourka Canyon the rocks 
dip 45°-65° W. Farther east they flatten out 
and cover a great area. 

The basal Ordovician sandstones were seen 
only along the southern border of Squaw Flat ^ 
where they rest against the intrusive granitic 
mass. They probably show to better advantage 
on the divide between Harkless and Squaw 
flats, a localitv that was not visited. 

The shales overlying the limestones were 
seen only at the head of Mazourka Canyon and 
in Badger Flat. 

The limestones of the Ordovician fall into 
two divisions, the thickest of which rests upon 
the sandstones that immediately overlie the 
Cambrian. Stratigraphically higher are argil- 
laceous limestones carrying an abundant fauna 
of Chazy age and having an estimated thick- 
ness of not less than 500 feet Th^y were ex- 
amined only along the road in Mazourka Can- 
yon about two-thirds of a mile south of the 
point where the Lead Canyon trail branches 
off. 

The shale series correlated with the Palmetto 
of Turner overlies the fossiliferous limestone. 
It was seen only in Badger Flat and near the 
head of Mazourka Canyon. South of the Lead 
Canyon trail, however, it has apparently been 
faulted out, for there the limestone of Chazy 
age is apparently overlain by a massive, dense 
quartzite 30 feet thick. The limestones lie on 
the east of the road and the quartzite on the 
west. Above the quartzite comes 90 feet of 



bluish limestone cari-ying a few crinoid colum- 
nals, and upon this rests 35 feet of heavy- 
bedded limestone carrying a considerable 
amount of black chert. Higher beds having a 
thickness of about 30 feet are poorly shown, 
above which the section is cut off by a fault 
which brings the black shales of the Carbon- 
iferous in contact with the limestone& In 
Badger Flat the Ordovician shale series is 
capped by 75 feet of quartzite, overlain by 
bluish limestone and these by dark limestones 
carrying black chert, above which the section 
is terminated by a fault. The succession of 
beds and their lithologic character in the two 
localities appear to be identical. In both places 
the beds overlying the quartzite strcmgly re- 
semble lithologically the basal beds of the De- 
vonian east of Kearsarge (Citrus). If the 
quartzite and limestones in Badger Flat and 
Mazourka Canyon are identical, it is evident 
that the shale series has been eliminated by 
faulting in Mazourka Canyon. The structure 
of the area supports this assumption. 

UMESTONKS, PROBABLY OF BEEKMANTOWN AGE. 

The term "Pogonip" has been somewhat 
loosely used in Nevada. In its later usage, 
however, it has come to be applied to the great 
masses of limestones of Ordovician age that 
are extensively developed in the State. The 
main mass of the Pogonip exposed in the type 
area is of Beekmantown age, as determined by 
the faunal content, and to this mass the term 
Pogonip should, in the writer's opinion, be re- 
stricted. The upper part of the Pogonip lime- 
stone of Walcott, which has a thickness of 900 
feet at White Pine, carries a Chazy fauna. 
This same series is' shown in the Inyo Range. 
In Nevada the Pogonip beds of Beekmantown 
age have a thickness ranging from 2,000 to 
4,300 feet, according to published descriptions. 

In the Inyo Range there are some 3,500 feet 
of massive limestones of undoubted post-Cam- 
brian and pre-Chazy age. Determinable fos- 
sils were not seen in this series, but they could 
doubtless be found by adequate search. Indis- 
tinct light lines, seen only on weathered sur- 
faces, in some of the beds probably represent 
organic remains and suggest types of gastro^ 
pods and cephalopods known in rodks of Beek- 
mantown age. Comparison of the stratigraphic 
position and lithologic character of the series 
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witK known sections to the east prove beyond 
reasonable doubt that these strata represent the 
lower part of the Pogonip limestone of Walcott 
in the Eureka district and are of Beekmdn- 
town age. 

No accurate measurement of this lowfer series 
of Ordovician limestones was possible in the 
course of the present work. An estimate based 
on average dip and width of outcrop gives the 
series a thickness of 3,000 to 3,500 feet, the 
latter being probably more nearly correct. 

At the base of the limestones, as shown at the 
granite contact on the south margin of Squaw 
Flat, lies a series of sandstones, apparently 
interstratified with shaly layers, of which per- 
haps 200 to 300 feet is poorly exposed. These 
basal sandstones, as exposed, are more quartz- 
itic in their basal portion and are softer and 
more calcareous above. At no place are they 
massive, their outcrop consisting of relatively 
thin platy fragments. 

The overlying limestones apparently vary 
in composition from dolomites to relatively 
pure limestones. The basal portion weathers 
blue-gray to dull lead-colored. The higher 
beds are lighter in color in the mass, the hills 
showiing white to buff. No accurate descrip- 
tion of the limestone is possible, for it was seen 
only in part and only from a distance. 

Walcott* says that the Lower Cambrian 
occurs at the head of Mazourka Canyon, but 
the material that was supposedly derived from 
Mazourka Canyon, on which he based his as- 
sertion, is exactly like rock from Deep Spring 
Valley. A fragment of sandstone in one lot 
has impressions of Tremaioholus ; and a frag- 
ment in the other lot has the original brachio- 
pods which made the impressions. The two 
pieces of sandstone fit together perfectly. 

AltOILLACEOUS LIMESTONES CONTAINING CHAZY FOSSILS. 

The only good exposure seen of the argilla- 
ceous limestone containing the Chazy fossils is 
along the road in Mazourka Canyon about half 
a mile below the Lead Canyon trail, but it 
doubtless outcrops at many points along the 
east side of the canvon near the base of the 
mountain and in the low foothill country west 
of the mouth of the canyon. This area is much 

* Walcott, C. D., Cambrian Brachiopoda : U. S. Geol. Sur- 
vey Mon. 61, pt. 1, p. 227, 1912. 



faulted and folded and contains numerous out- 
crops of intrusive rocks. 

The Mazourka Canyon section comprises 
about 500 feet of limestone, which, in the main, 
is bluish to almost black and is crystalline, but 
in places is somewhat argillaceous. Shaly beds 
also occur. In certain zones the limestones are 
highly fossiliferous, carrying a rich moUuscan 
fauna. 

In the White Pine district the upper part 
of the Pogonip consists of 900 feet of dark- 
blue and black limestones with numerous shaly 
belts. This upper Pogonip is quite differ- 
ent stratigr^phically from the main mass of 
the Pogonip, the great lower series being of 
Beekmantown and the upper series of Chazy 
age. The Chazy fauna is identical with that 
found in the argillaceous limestone of Ma- 
zourka Canyon and in the lower part of the 
Simpson formation of Oklahoma. 

The following fauna, collected from the Ma- 
zourka Canyon locality, probably represents 
only a small percentage of the total fauna of 
the beds. No doubt all the upper Pogonip 
species listed by Walcott* could be obtained 
from the argillaceous limestone in the Inyo 
Range. Few specific determinations are pos- 
sible, as the material is more or less imperfect 
and many new species are represented. 

Dlplograptus sp. 

Orthis sp. 

Trlplesla n. sp. 

Maclurea n. sp. 

Liospira sp. 

Hormotoma sp. 

Fusispira sp. 

Pleurotomaria ? ionensis Walcott 

Modiolopsis sp. 

Ctenoclonta sp. 

Endoceras sp. 

Leperdltia biva \Vhlte. 

Leperditella sp. 

Nileus sp. 

Amphion? nevadensis Walcott (pygldia identi- 
cal with those referred to this species by 
Walcott). 

ARENACEOUS SHALES, PROBABLY OF NORMAN SKILL AGE. 

Turner's Palmetto formation* included all 
the graptolite shales seen by him within the 
Silver Peak quadrangle. The name should, 

« Walcott, C. D.. Paleontologry of the Rureka district, Nev. : 
U. S. Geol. Survey Mon. 8, pp. 270-272, 1884. 

'Turner, H. W., A sketch of the historical- geology of Ea- 
rn eralda County, Nev. : Am. Geologist, vol. 29, p. 266, 1902, 
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in the writer's opinion, be restricted to the 
higher series of shales of Normanskill age. 

The Beekmantown graptolite zone may lie 
above the series of massive limestones of the 
Inyo Eange, but even were the beds of Chazy 
age absent the two series of strata would be 
easily separable by their lilhologic characters. 
The Beekmantown graptolite zone, however, 
was not seen in the Inyo Range, and its exact 
stratigraphic position is not known. 

The shale series at the head of Mazourka 
Canyon and in Badger Flat is very similar in 
lithologic character to the Ordovician shale of 
Normanskill age in the Silver Peak quadrangle 
and in other portions of Nevada. No grapto- 
lites were seen in the shale, which, however, 
was examined in a most cursory way. The ap- 
parent stratigraphic relations of the shale and 
its lithologic character seem to point to its 
correlation with the Palmetto formation of 
Turner. The shale has a minimiun estimated 
thiclmess of approximately 750 feet. Its ex- 
posure as a whole is very poor, as it underlies 
Badger Flat Portions are exposed along the 
road near the head of Mazourka Canyon, but 
give a poor conception of it as a whole. To 
the south the shale is apparently cut out by 
faulting. 

The formation is predominantly shaly but 
contains some bands of sandstone. The shales 
vary from thin and fissile to fairly heavy and 
.arenaceous. In color the series is prevailingly 
light, ranging from green through several 
shades of brown, according to the degree of 
weathering. 

Turner, in his description of the Palmetto 
formation, notes the presence of dark cherts, 
with which are interbedded felsitic rocks that, 
he thinks, represent altered rhyolitic or dacitic 
tuffs and lavas. This, he claims, is "cei-tain 
evidence that in Ordovician time there were 
volcanic eruptions in the region." No rocks of 
this type were seen in the Ordovician of the 
Inyo Range, but they might easily have been 
missed or they may have been cut out by fault- 
ing. It is not possible from Turner's brief 
statement to locate these beds in the section. 

From the scant evidence at hand it seems 
probable that the shale of Badger Flat lies 
between the limestone containing Chazy fossils 
and the Devonian and is to be correlated with 
the Palmetto of Turner. 



DEVONIAN SYSTEM. 

Hague ^ hus described 4,000 to 6,000 feet of 
Devonian limestones from the Eureka district, 
Nev., to which the name Nevada limestone has 
been applied. Lithologically the Nevada in 
the Eureka district consists of gray to dark 
crystalline limestone, interspei^sed with shaly 
beds and sandstones. In the Inyo Range about 
1,500 feet of limestones, shales, and sandstones 
of Devonian age are present, and unquestion- 
ably should be correlated with the Nevada 
limestone, probably with the lower portion of 
that formation. 

Rocks of Devonian age were recognized 
along the Inyo Range from the upper porticm 
of Mazourka Canyon to Cerro Gordo, and they 
probably continue to the southern end of the 
range, along the Keeler-Darwin road. They 
may occur along the west front of the range 
west and south of Harkless Flat, where they 
have been brought up by faulting, but this 
seems unlikely. They are also exposed along 
the Big Pine-Saline Valley road in the south- 
western corner of the Lida quadrangle; and 
they have been faulted up to form the long 
ridge south of Marble Canyon, the mountain 
to the west of the road consisting of Lower 
Cambrian. The only complete section seen is 
in the foothills about 3 miles east of Kearsarge 
(Citrus), where the Devonian is exposed from 
its contact with the Ordovician below to the 
Mississippian above. Both north and south of 
this locality it is progressively cut out by fault- 
ing. The section follows: 



Section of Devonian rorks about 3 miles east of Kear- 
sarge {Citrtift), Inyo Range, Cat. ^. 

Limestones, thin bedded, platy : with Intercal- 
ated beds of calcureoiisf sliale and some 
calcareous sandstone. The limestones are 
as a rule pray to black In color. Some 
beds are coarsely crystalline and crlnoldal. 
Hands and nodules .of black chert are com- 
mon. Fossils are abundant 1,150 

Liniesftone, massive, bluish, crystalline. 
Throughout at intervals are Irregular seams 
and lumps of black chert. In the upper 
portion are some layers of more thinly 
l>edded argillaceous limestones. Fossils are 
rare , 260 

Quartzlte, heavily bedded, white; somewhat 
iron stained 80+ 



1,430+ 



» Hafnie. Arnold, Ooology of the Eureka dlBtrict» Nev. : U. 8. 
Geol. Survey Mon. 20. p. 63, 1802. 
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What is considered the basal bed of the De- 
vonian is a quartzitic sandstone. The overly- 
ing limestones may roughly be divided into a 
lower part, 250 feet thick, of massive lime- 
stones that are sparingly fossiliferous and an 
upper part that is more thinly bedded and 
somewhat argillaceous. Black cherts are char- 
acteristic of the formation, one band in the 
upper third of the -lower part being 3 feet 
thick. The main mass of the Devonian con- 
sists of calcareous sediments that are predomi- 
nantly thin bedded, intercalated with many 
thin beds of bluish shale and with some beds of 
calcareous sandstones. The limestones as a 
rule are coarsely crystalline and crinoidal. 
They carry large numbers of corals, which, 
though reasonably plentiful, are badly weath- 
ered as a rule at the outcrop. Well-preserved 
fresh material is to be had in Mazourka Can- 
yon a short distance north of Barrel .Spring. 
Brachiopods are rare. 

Although fossils are abundant little time was 
available to gather other than weathered speci- 
mens, and as a result specific determinations 
are as a rule doubtful and are for the most 
part not given. 

Stromatopora Bp. 
Cladopora, 2 species. 
Heliolites sp. - 

Favosltes cf. F. hemisphericus. 
Favosltes sp. 
Alveolites sp. 
Amplexus sp. 
Dlplophyllum fasclciilum. 
Syringopora cf. S. perelegans. 
Ptychophyllum infuiulibulum. 
Phillipsastraea sp. 
- Atnrpa reticularis. 
Stropheodonta sp. 
Othoceras sp. 
Dalmanites meeki. 
Proetus sp. 

These forms are identical with material col- 
lected in the Nevada limestone of the Eureka 
and White Pine districts, and they agree 
very closely with the Devonian fauna of Ari- 
zona, as found at Bisbee and in other areas. 
On the whole, the affinities of the fauna seem 
to lie with the Middle rather than with the 
Lower Devonian. The later Devonian types 
found by Walcott in Nevada are not repre- 
sented in this region and it is probable that the 
section as seen here represents only the lower 
portion of the Eureka district section. 



CARBONIFEROUS SYSTEM. 



OEHEBAL FEATURES. 



The Carboniferous rocks of the Inyo Range 
include Mississippian, Pennsylvanian, and 
Permian. The most northern exposure of the 
Carboniferous is along the west front of the 
range near the Montezuma mine in the south- 
em part of the Bishop quadrangle, where a 
narrow strip of Carboniferous has been faulted 
along the base of the mountain, presumably 
lying against the Ordovician. From nearly 5 
miles north of Kearsarge (Citrus) to the south 
end of the range the Carboniferous is very im- 
portant, but at no place is a reasonably com- 
plete section of it shown. In the great canyons 
east of New York Butte there appear to be 
good sections, presumably of the Carbonifer- 
ous, but these are nearly inaccessible. The 
Carboniferous is very thick, and it is impos- 
sible without very detailed work to piece to- 
gether the isolated fragments of sections. The 
most that can be done at present is to discuss 
the sediments and their supposed relations in 
such manner as to be of aid to anyone who may 
wish to work out the section at some time in the 
future. 

The base of the Carboniferous and its con- 
tact with the Devonian is exposed east of Kear- 
sarge (see PI. VI, B) and apparently also in 
the neighborhood of the Cerro* Gordo mine. 
The best exposures of the overlying Mississip- 
pian shales and limestones (White Pine shale) 
for purposes of collecting fossils are along the 
Cerro Gordo Spring trail north of Cerro 
Gordo. The shales in Mazourka Canyon and 
south of it for a few miles are too highly meta- 
morphosed to furnish fossils. The Pennsyl- 
vanian limestones overlying the shales are ex- 
posed north of Kearsarge, south of Coyote 
Spring, and at the top of the range from near 
New York Butte southward. The great chert- 
like quartzites (Diamond Peak) are most typi- 
cally displayed in the canyons penetrating the 
range east of Keeler. The thin-bedded, platy, 
arenaceous limestones and shales next succeed- 
ing are well exposed on the sideof the mountain 
just east of the Estelle Mining Co.'s tunnel, on 
the road from Keeler to the Cerro Gordo mine. 
The Permian was seen only between the Re- 
ward mine and Union Wash, the first large 
canyon north of Owenyo. 



.^ 
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lOBSISSIPPIAlf SE&IES. 



WHITE PINE SHALE. 



Hague ^ describes a great series of shales, 
having a maximum tliickness of approximately 
2,000 feet, that overlie the Nevada limestone 
in the Eureka district, Nev. To these shales 
he gave the name White Pine and referred the 
formation to the Devonian. Girty,* however, 
correlates it with the Caney shale of Arkansas, 
which he refers to the Mississippian. 

In the Inyo Range a shale occupying the 
same relative stratigraphic position as the 
White Pine carries the Caney fauna and with- 
out doubt should be correlated with the White 
Pine shale of eastern Nevada. The evidence 
indicates, therefore, that Girty's correlation is 
valid. 

As described by Hague, the A\Tiite Pine shale 
differs considerably in lithology in different 
sections. It also differs (considerably from 
place to place in thickness, at White Pine 
measuring only 600 feet and in the Eureka 
district reaching 2,000 feet. From some sec- 
tions it appears to be absent. From the nature 
of the deposits and the abundance of the plant 
remains that they contain Hague concludes 
that the White Pine is a shallow-water de- 
posit. In the Inyo Range the White Pine 
shale carries^ some limestones but apparently 
few of the sandstones noted by Hague in the 
Eureka district. Certain beds contain an 
abundant marine fauna. 

The White Pine shale is exposed at three 
places in the Inyo Range. The most northern 
exposure is along Mazourka Canyon, where it 
forms the canyon floor for several miles. Tlie 
beds here lie in the trough of a narrow syncline. 
Farther south the contact of the White Pine 
shale and the top of the Devonian limestone 
may be seen east of Kearsarge, where a con- 
siderable thickness of the beds is exposed. 
Still farther south the shale is gradually cut 
out by faulting until it disappears near Coyote 
Spring. In this general region the shale is 
highly metamorphosed, containing innumera- 
ble chiastolite crystals. No recognizable fos- 
sils were seen. The third locality, and the only 



* Hainie, Arnold, Geology of the Eureka district, Nev. : U. S. 
Oeol. Surrey Mon. 20, p. 68, 1892. 

•GIrty, O. II., Relations of some CarbonlferouB faunas: 
WMhingtou Acad. Bel. Proc., toI. 7, pp. 11-12, 1905. 



good one for collecting fossils, is north of the 
Cerro Gordo mine, where the beds are ex- 
posed on a dip slope and are little altered. 

The base of the Mississippian, which is well 
exposed east ol Kearsarge, consists of a 5-foot 
conglomeratic bed of grayish limestone, weath- 
ering buff, which carries irregular, mostly well 
rounded, limestone pebbles 5 inches or less in 
diameter. (See PL VI, B.) Upon the upper 
surface of the conglomerate lies an 8 to 10 inch 
seam of brownish-black, apparently phos- 
phatic material, which is overlain by 12 feet 
of sooty-black shale weathering gray. Above 
these comes the subjoined section. The exact 
sequence at the base is obscured by niinor fault- 
ing, but the stratum given is probably the low- 
est bed of the Mississippian and is the one that 
appears in the bottom of Mazourka Canyon 
for several miles. Its thickness may be much 
greater th^n that given. The higher beds of 
the section were measured a few hundred 
yards to the south. 

Hvction of White Pine shale in the Inyo Range east 

of Kearsarge, Cat, 

Feet 

Quartzite, white, weathering reddish 25 

Conglomerate; matrix of highly siliceous lime- 
stone 50 

Sandstone, impure, quartzitic, weathering in 
large blocks; carries some intercalated len- 
ticular masses of gray limestone 75 

Similar sandstone, weathering reddish brown 

and breaking down in small. Irregular blocks. 60 
Limestone, massive, gray, crystalline, crinoldal. S 

Shale, black, calcareous, with some sandstone 15 

Limestone, massive, gray, carrying small crtn- 

oid columnals 100 

Shale, black fissile, weathering platy 250 

Sandstone, quartzitic, weathering In reddish- 
brown angular blocks . 25 

Shale, arenaceous, weathering red and brown 150 

Shale, brown, arenaceous, weathering In thin 
plates 2 to 3 Inches thick, filled with chiasto- 
lite - dOO 



1,043 



G. H. Girty, of the United States Geological 

Survey, has examined three fossil collections 

from the Mississippian, all made north of the 

Cerro Gordo mine. In the black fissile shale, 

which is well exposed along the Cerro Gordo 

Spring trail, about 1^ miles north of the mine, 

the following forms were found: 

Solenomya?sp. 
Caneyella wapanuckensls. 
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Caneyella n. sp. aff. C. richardsonl. 
Orthoceras, several species. 
Gastiioceras aff. G. rlchardsoniantim. 
Gk)iiiatltes sp. 

EiUmorphoceras bisulcatum? 
Plant remains. 
Fish remains. 

In regard to this fauna Mr. Girty says : " The 
latter is an interesting and peculiar fauna of 
the Caney shale of Oklahoma, and the related 
but' less well-known fauna of the White Pine 
shale of Nevada. These faunas I refer to the 
upper Mississippian." 

From the sandstones that underlie the black 
shale the following forms were identified by 
Mr. Girty: 

Sponge? 

Derbya or Schuchertella. 
Chonetes aff. G. illinoisensia 
Prodnctus aff. P. burllnprtonensis, 
Productos aff. P. pileiformls. 
Spirlferina? sp. 
Pleurotomaria? sp. 

Comparing this fauna with that of the black 
shale, Mr. Girty states that it "presents a 
somewhat different facies, which may also be 
called upper Mississippian. It may, however, 
be lower Mississippian, but it does not show 
the familiar facies of the Madison limestone 
which is common in the lower Mississippian 
horizon of the West." From the stratigraphic 
relations of the beds the writer would consider 
them of very nearly the same age. 

At another locality about 2 miles farther 
north two species of Zaphrentis and two of 
Productus were found in the limestones below 
the black shale. These fossils were determined 
as Mississippian by Mr. Girty. 

PEHVaYLVAKIAH SERIES. 
DISTRIBUTION. 

Hague* divides the Pennsylvanian rocks of 
the Eureka district into four formations, as 
follows : 

General section of the Pennnylvanian series in the 

Eureka district, Nev, 

Feet. 

Upper CJoal Measure Umestone : 500 

Weber conglomerate 1 2,000 

Lower Coal Measure limestone 3,800 

Diamond Peak quartzite 3.000 

^ Hague, Arnold, Geology of the Eureka district, Ney. : U. S. 
GeoL Surrey Hon. 20, p. 84, 1892. 



Probably each of these four divisions is pres- 
ent in the Inyo Range. The exact relations of 
the sections seen can, however, be only approxi- 
mately determined, and no attempt has been 
made to describe in detail any of the units ex- 
cept the conglomerate and the overlying lime- 
stones, which may or may not be correlative 
with the Weber conglomerate and Upper Coal 
Measure limestone of Hague. The Pennsyl- 
vanian quartzite in the Inyo Eange is consid- 
ered to be undoubtedly the Diamond Peak 
quartzite, and it is so called. The conglomerate 
in the Inyo Range that may be correlative with 
the Weber conglomerate of Hague is here given 
the local name Reward conglomerate. 

To the overlying, limestones of Permian age 
in the Inyo Range the local name Owenyo 
limestone is here applied. The basal Pennsyl- 
vanian limestones (see below) and the later 
Pennsylvanian limestone and shale of the Inyo 
Range, neither of which has been carefully 
studied, are not given geographic names. 

In the Inyo Mountains the Pennsylvanian 
rocks are exposed only in the Mount Whitney 
and Ballarat quadrangles. The rocks are much 
faulted and folded and in many places con- 
siderably metamorphosed. On the west side of 
the range the most northern exposure of conse- 
quence is a mass of limestones facing the valley 
about 3 miles north of Kearsarge. This mass 
is faulted on both sides and its stratigraphic 
relations are not clear; it may overlie or under- 
lie the Diamond Peak quartzite. From this 
point southward the Pennsylvanian appears at 
irregular intervals to the southern extremity of 
the range. South of New York Butte the 
Pennsylvanian rocks form an important part 
of the range, outcropping on both the east and 
the west sides. This portion of the range is 
the west limb of the great syncline, which 
is flanked on both sides by Carboniferous 
rocks and is filled with Triassic sediments. The 
syncline is greatly broken by faults, and a rea- 
sonably complete section of the Carboniferous 
rocks is nowhere exposed. On the east side of 
the range, in the canyons south of New York 
Butte, some excellent sections are exposed, but 
they are diflScult of access and can not be closely 
Studied. East of the range proper. Carbonifer- 
ous sediments appear in the low hills at the 
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south end of Saline Valley and in the Ubehebe 
Sange, bordering Saline Valley on the east. 

BASAL PENNSYLVANIAN LIMESTONES. 

In the Inyo Range the lowest Pennsylvanian 
strata seen are limestones which crop out along 
the crest of the range south of New York 
Butte, where they are unconformably sepa- 
rated from the overlying Diamond Peak 
quartzite. Other limestones exposed along the 
west front of the range 2^ miles north of 
Kearsarge may have the same stratigraphic 
position or may possibly overlie the Diamond 
Peak. Limestones of the same character also 
appear about three-fourths of a mile south of 
Coyote Spring. At the head of Union Wash 
and north of the Cerro Gordo mine Pennsyl- 
vanian limestones definitely* underlie the 
quartzite. These are the only localities where 
the limestones were seen in a fairly undis 
turbed condition. In the exposures examined 
the limestone has a thickness of between 500 
and 1,000 feet. It consists in the main of very 
hard, fairly thin, siliceous limestones in which 
silicified fossils are fairlv abundant. Pro- 
ductus^ Zaphrentis^ and Fusuluia were identi- 
fied. Owing to the hardness of the limestone 
the beds are very resistant to weathering. 

DIAMOND PEAK QUARTZITE. 

In the Eureka district the Diamond Peak 
quartzite has an estimated thickness of 3,000 
feet and (Consists in the main of vitreous quartz- 
ites (according to Hague). A limestone bed 
about 500 feet above the base carries a Pennsyl- 
vanian fauna. In the quartzite itself no fossils 
were found. On stratigraphic grounds and 
lithologic similarity a great mass of quartzites 
in the Inyo Range has been correlated with 
the Diamond Peak, and the name used by 
Hague has been applied to it. 

In the Inyo Range this quartzite unconform- 
ably overlies the series of basal Pennsylvanian 
limestone. It is prominently developed on the 
west side of the ran^e from Coyote Spring 
south to well below Keeler. On the west side 
of the Saline Valley it is excellently shown in 
some of the canyons, as near the head of 
Hunter Canvon. 

No continuous section through the entire 
mass of quartzite was seen. Near the head of 



Union Wash, north of Owenyo, the contact 
with the underlying limestones is well shown. 
From here the quartzite extends westward 
toward the Triassic, but a large part of its 
upper portion is cut out by faulting. In sev- 
eral canyons east of Keeler the Diamond Peak 
is well shown (see PI. VII, A)^ but nowhere 
apparently is the entire formation present. On 
the east side of the range a section of what 
appeared to be nearly the entire mass was seen 
at a distance, but it was very difficult of access 
and, even if reached, could not be accurately 
measured. It is estimated, however, that the 
quartzite has a minimum thickness of 3,000 
feet. 

Owing to its resistant character the Diamond 
Peak quartzite forms fairly bold topographic 
features. Canyons cut in it are extremely 
rugged and have precipitous walls. 

The base of the Diamond Peak quartzite is 
clearly shown near the head of Union Wash, 
where the Saline Valley trail leaves the canyon 
and starts up the side of the mountain. Its 
contact with the underlying limestone is very 
irregular and marks an unconformity. The 
basal beds are somewhat argillaceous and 
weather an intense red. Near the contact 
are large amounts of iron pyrites. The forma- 
tion consists in the main of very dense fine- 
grained quartzites, which range m color from 
pearl-gray to black on fresh fracture. As a 
rule, the rock carries disseminated iron pyrites. '■ 
In some of the beds spherulitic stpuctures 2 to 
3 millimeters in diameter are abundant On 
weathering the quartzite breaks down in irreg- 
ular fragments whose size varies according to 
the portion of the formation from which they 
are derived. When broken with a hammer the 
fine-grained rock fractures like chert The 
weathered quartzite varies from gray to brown 
or deep reddish-brown, its color depending on 
the amount of iron present and its degree of 
oxidation. Near the base of the quartzite and 
at irregular intervals in the mass are layers 
of black arenaceous shale from a fraction of 
an inch to several inches in thickness, whidi 
weather red. The finest-grained material when 
examined under a microscope proves to have 
almost the appearance and character of chert 
and not to- bca quartzite in the strict sense of 
that word. True quartzites are present, how- 
ever, and the greater portion of the mass con- 
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gists of beds intermediate in character between 
quartzite and the chertlike rocks. 

LATEB PKNN8YLVANIAN LIMESTONE AND SHALE. 

Overlying the Diamond Peak quartzite in 
the Eureka district are some 3,800 feet of lime- 
stones, to which Hague applied the name 
" Lower Coal Measure limestone." Extensive 
faunal lists are given by Walcott* and by 
Hague.* On paleontologic evidence it appears 
that a portion of these beds represents fresh- 
water deposits. No detailed study of the cor- 
relative limestones in the Inyo Range was pos- 
sible, and subdividing the series or giving the 
mass a distinctive name was not warranted. 

Along the west side of the Inyo Range this 
group of sediments may be seen to best advan- 
tage from New York Butte to south of the 
Cerro Gordo road, but the only good exposures 
are on the eastern side of the anticline. A good 
section of the upper part of the limestone may 
be seen immediately east of the Estelle Mining 
Co.'s plant, where the side of the mountain is 
almost entirely made up of these beds between 
the exposures of Diamond Peak quartzite and 
the Triassic. Large masses of the limestone 
are shown along both the Saline Valley Salt 
Co.'s road from Swansea and the road from 
Keeler to the Cerro Gordo mine. All through 
this area, however, the beds are greatly faulted. 
It is probable that a less faulted section may be 
seen near the crest of the range along the Ube- 
hebe frail, east of Keeler. 

These sediments in the Inyo Range consist 
in greater part of calcareous shales and sand- 
stones and of thin-bedded impure limestones. 
Either in the basal portion of the series or in 
the upper part of the Diamond Peak crystal- 
line limestones of normal marine type appear, 
associated with sandstones and shallow-water 
deposits. The upper portion of the mass, as 
shown in and above the Estelle Mining Co.'s 
tunnel, consists of thin-bedded platy limestones 
and shales, which are remarkable for the 
brightness of their coloring on weathering, 
lavender and magenta being common. Such 
coloration is characteristic of portions of the 
Triassic, but this is the only place where it was 
seen in the Carboniferous. Through these 

1 Walcott. C. D., Paleontology of the Eureka district : U. S. 
Geol. Survey Mon. 8, 1884. 

« Hague, Arnold, Geology of the Eureka district, Nev. ; U. S. 
Geol. Survey Mon. 20, pp. 89-01, 1892. 



thin-bedded limestones, at irregular intervals, 
occur beds of conglomerate of small and well- 
rounded pebbles. Some of the layers are ripple 
marked. Throughout, the sediments as a rule 
indicate shallow-water deposits. Their esti- 
mated thickness is about 3,000 feet. The Penn- 
sylvanian age of the beds is definitely estab- 
lished by their stratigraphic position and by 
their contained fossils. 

It is possible that this series of calcareous 
beds contains fresh-water deposits comparable 
with those described by Hague.* Along the 
Saline Valley Salt Co.'s road from Swansea 
to the summit, at an elevation of nearly 6,700 
feet, are calcareous shales and impure lime- 
stones of unusual character. The only fossils 
seen were great numbers of small gastropods, 
which suggest fresh-water rather than marine 
types. Owing to the faulting it is impossible 
to place the beds definitely, but they probably 
occur in the lower half of the series. In one 
place there is evidence of an erosional uncon- 
formity of considerable magnitude, the signifi- 
cance of which could not be determined. It 
lies some distance below the zone of possible 
fresh-water origin and may mark the base of 
the calcareous series. The fresh-water deposits 
of the Eureka district lie near the base of this 
series. 

Fossils are not abundant in these Pennsyl- 
vanian limestones and shales except in narrow 
zones. In the upper thin-bedded portion, as 
exposed east of the Estelle Mining Co.'s plant, 
few were seen other than an occasional Fusu- 
lina. At the crest of the range about 1^ miles 
north of the Saline Valley Salt Co.'s tram a 
limestone carrying abundant fossils may lie 
within the calcareous series ov may belong with 
the Diamond Peak group, whose upper part is 
believed to carry intercalated layers of lime- 
stone. This locality lies in a wedge bounded 
by fault planes, owing to which the exact rela- 
tions of the limestone could not be determined. 
On the whole, the evidence points to the post- 
Diamond Peak age of the beds. 

From this locality the fossils were collected 
from limestones having an aggregate thick- 
ness of about 50 feet. The forms were deter- 
mined as follows by Mr. Girty : 

Fusulina sp. 
Lithostrotion? sp. a. 

« Hague, Arnold, op. clt., p. 87. 
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Llthrostrotlon? sp. b. 
Polyiwra sp. 
Fistullpora? sp. 
Rhipidoinelia nevadensis? 
Enteletes hemiplicatus? 
Meekella stria tlcostata ? 
Productus semiretlculatus. 
Productus aff. P. inflatus. 
Productus subhorridus? 
Productus aff. P. mexlcanur. 
Productus cora? 
.Productus sp. 
Pugnax rocky montanus? 
Spirlfer camera tus? 
Pleurotomaria? sp. 
Ortlioceras sp. 
Nautilus? sp. 

Just above the limestones is a calcareous sand- 
stone from which a small fauna consisting 
chiefly of i>elecypods was collected. Mr. Girty 
determined the following: 

Lingula sp. 
Myalina? sp. 
Avlculipecten? 2 species. 
Schizodus? sp. 
Natlcopsis sp. 

Both lots are of Pennsylvanian age. 

REWARD CONGLOMERATE. 

In the Eureka district the "Lower Coal 
Measure limestone" is overlain by a series of 
conglomerates and sandstones having an esti- 
mated thickness of 2,000 feet, to which Hague 
applied the name Weber conglomerate, cor- 
relating them with the Weber quartzite of 
Utah. This correlation, however, is open to 
question. In the Inyo Range a much thinner 
conglomerate apparently holds the same strati- 
gi'aphic position as the conglomerate in the 
Eureka district, but it has seemed best to give 
it a distinctive name, and the name Beward 
conglomerate is here applied to it, from the 
Reward mine. 

The most noithem observed exposure of this 
conglomerate is in the Inyo Range on an iso- 
lated knob about a mile northeast of Kear- 
sarge (Citrus), although better exposures are 
to be had along the face of the range to the 
south. South of Kearsarge the conglomerate 
is shown in the west face of the hill just west' 
of Coyote Spring, whence it appears at ir- 
regular intervals southward to the Ubehebe 
trail east of Keeler, south of which the sedi- 
ments are covered by basaltic flowa Just 
south of the Reward mine the conglomerate 



stands out boldly. At the Union Wash it is 
faulted out. At the Estelle Mining Co.'s tun- 
nel east of Keeler it is faulted out, but re- 
appears a short distance farther north on tiie 
Cerro Gordo road. It is also exposed along 
the Saline Vallev Salt Co.'s road still farther 
north. The conglomerate appears to have been 
continuous, and its absence near the Carbon- 
iferous-Triassic contact probably indicates a 
fault. 
Hague ^ says : 

Conformably overlying the Lower Coal Measnree 
comes the Weber conglomerate, one of the most per- 
sistent and well-defined horizons over wide areas of 
the Cordillera, stretching westward all the way from 
the Front Range in Colorado to the Eureka Moun- 
tains. It varies in the nature of the sediment with 
every changing condition, but it is nearly everywhere 
easily recognized as a siliceous formation between 
two great masses of Carboniferous limestone. In 
places it is made up of an' admixture of calcareouB 
and sandy beds; in others, of fine grits and shales; 
ond, again, of nearly pure siliceous sediment, varying 
from fine to coarse grained, dependent largely upon 
the distance from any land area and depth of water 
in which it was deposited. Here at Eureka the ma- 
terial is exceptionally coarse, with abundant evidence 
of shallow water deposition and the existence of a 
land surface not very far removed at the time the 
beds were laid down. 

Hague says that in the Eureka district' the 
conglomerate is made up for the most part 
"of coarse material of both angular and 
rounded fragments of red, brown, and white 
grits, together with jasper, brown homstone, 
and green cherty pebbles firmly held together 
by a siliceous cement." This description ap- 
plies exactly to the Reward conglomerate. In- 
terstratified with the conglomerate at Eureka 
are " occasional beds of fine yellow- white sand- 
stone." 

The coarse phase of the conglomerate is well 
shown along the Saline Valley Salt Co.'s road 
from Swansea to the summit (See Pis. VII, 
B^ and YIH^ A.) In this exposure one boulder 
more than 2 feet long was seen, but most of 
the pebbles are small, few measuring more 
than 2 inches. ' An exposure north of Union 
Wash shows the contact of the conglomerate 
and Permian limestone and reveals another 
lithologic phase of the conglomerate. Some of 
the beds are of normal conglomerate type, with 
siliceous matrix ; others are of white sandstone 
that weathers buff and brown and that is 

1 Hague, Arnold, op. clt., pp. 91-92. 



STBATIGBAPHY OP THE INYO RANGE. 



43 



from place to place more or less conglomeratic. 
A brownish-weathering sandstone with dark- 
brown patches and layers that forms the up- 
permost bed of the Reward in this section may 
be characteristic of the upper part of the Re- 
ward but may in most places have been faulted 
out. As measured elsewhere, the massive con- 
glomerate apparently ranges in thickness from 
100 to over 250 feet. If the sandstone is char- 
acteristic of the upper portion, 100 feet or so 
should be added to this total thickness. Owing 
to the character of the conglomerate and the 
obvious signs of erosion, it is evident that con- 
siderable variation in thickness and lithologic 
character may be expected. 

Just south of the Reward mine the conglom- 
erate at different horizons contains well-defined 
potholes (PL VIII, B), which penetrate the 
strata vertically. One is 2^ feet and another 
14 inches in diameter. One hole, with an ori- 
fice of 6 to 8 inches, is 18 inches deep. The 
inner surface of each pothole is polished, as is 
the old conglomerate surface. 

That the potholes are of essentially contem- 
poraneous origin with the depo^tion of the 
conglomerate seems clear. They penetrate usu- 
ally dense and resistant rock. The beds just 
south of the Reward mine are on the edge of 
the valley but have been highly tilted since the 
holes were formed, thus disposing of the possi- 
bility of their being due to recent stream action. 
Farther south potholes occur in the conglomer- 
ate several hundred feet above the valley floor. 
These are not the product of a peculiar type of 
desert erosion. Granites in the desert have 
many cavernous pockets, but never of this 
shape, with narrow mouths and expanding 
bodies; and, moreover, such holes were seen 
only at two places, although many exposures 
of the conglomerate were examined. Some of 
the holes are partly filled with a shaly con- 
glomerate, such as forms seams between the 
massive beds of conglomerate. One such partly 
filled hole is almost entirely covered by an over- 
lying layer of conglomerate. The shaly ma- 
terial filling one of these holes readily flakes 
off, showing the dense inner surface of the pot- 
hole underneath. The shalv material is never 

ft/ 

I>olished. 

If it is true that these potholes were formed 
at the time the conglomerates were laid down, 
it is evident that the conglomerate is of conti- 



nental origin, or at least was subjected to a 
stream action at different times during its dep- 
osition. The fact that the potholes occur at 
different levels indicates that a bed of the ma- 
terial was deposited, consolidated, and sub- 
jected to stream erosion for a considerable 
time. Then upon the stream-eroded surface 
another layer of conglomerate was deposited, 
and the process repeated. 

Hague explains the variable composition and 
irregularities of his Weber conglomerate at 
Eureka as being probably due to deposition in 
shallow marine waters. The Reward conglom- 
erate in the Inyo Range can be explained only 
as a nonmarine deposit, and the same is prob- 
ably true of the conglomerate in the Eureka 
district. Whether the same explanation may 
be applied to that conglomerate, which possi- 
bly is to be correlated with these conglom- 
erates, it is impossible to state. About the time 
these conglomerates were deposited there was 
glaciation in various parts of the world; and, 
though no direct evidence of glaciation in the 
Reward conglomerate was seen, it seems to 
have many of the characteristics of a tillite. 
It will at any rate be worth while to look for 
such evidence wherever this conglomerate or 
beds of the same age are exposed. 

Whether the Reward should be called Penn- 
sylvanian or Permian is diflScult to decide. No 
fossils were found in the conglomerate, except 
a Fvsvlina in a limestone pebble. There is an 
unconformity between the Reward and the 
Owenyo (Permian), as would naturally be ex- 
pected between a deposit of continental origin 
and an overlying marine deposit. The rela- 
tions of the Reward to the Pennsylvanian de- 
posits below are nowhere clearly shown, but 
because of the unconformity at its top the 
Reward conglomerate is here assigned to the 
Pennsylvanian. It may, however, contain ele- 
ments of different ages. The exact age of a 
nonfossiliferous continental deposit lying be- 
tween marine deposits is largely a matter of 
speculation. 

PEBXIAK SERIES. 
OWENYO LIMESTONE. 

Hague* describes a series of limestones 500 
feet thick that overlie the Carboniferous con- 

* Hague, Arnold, Geology of the Eureka district, Nev. : U. S. 
Geol. Survey Mod. 20, p. 93, 1892. 
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glomerate in the Eureka district. He calls this 
the "Upper Coal Measure limestone," and 
states that it attains a thickness of nearly 2,000 
feet in northern and central Nevada. Litho- 
logically these beds are in the main light bluish 
gray and drab compact limestones, interstrati- 
fied with conglomeratic beds carrying siliceous 
pebbles in a calcareous matrix. One or two 
beds carry limestone pebbles with Pennsyl- 
vanian fossils. The fauna, as quoted by Hague, 
is inconclusive as regards age, but, in the 
opinion of Mr. Girty, a review of it in the light 
of recent research would change a number of 
the si>ecific determinations and show the lime- 
stone to be Permian. 

In the Inyo Range is a series of limestones 
which the writer thinks is probably to be cor- 
related with the "Upper Coal Measure lime- 
stone" of Hague. These limestones carry a 
Permian fauna and, according to Mr. Girty, 
are probably to be correlated in part with the 
Park City, Phosphoria, and Embar formations 
of Utah, Idaho, and Wyoming. To these lime- 
stones the name Owenyo limestone is here 
given, from the type section about 3^ miles 
north of Owenyo station on the Southern 
Facific, between Union Wash (the first large 
canyon to the north) and the Reward mine. 

Only two exposures of the Owenyo lime- 
stone are known, both of which lie between the 
Reward mine and the Union Wash. They are 
too small to be shown on the geologic map. 
One shows the buse and the other the top of 
the formation to advantage. Elsewhere along 
the range the Owenyo is either eroded or, 
more probably, faulted out. In most places 
where the Reward is sliown with higher beds 
in contact with it, the lattef are of Triassic age, 
and a fault contact may be demonstrated. 

The Owenyo consists in the main of mas- 
sive, grayish, crystalline to compact limestones. 
The 2-foot basal bed is a blue-gray compact 
limestone, fossil if erous from the contact and 
carrying irregular lenses and stringers of sand- 
stone whose grains were apparently derived 
from the Reward below. Here and there 
through the Owenyo, particularly in its uppei 
third, are layers carrying rounded chert peb- 
bles. The higher beds are fairly massive and 
break down in large blocks on weathering. 
The limestones as a whole are bluish gray to 
dark in color, compact to crystalline in texture, 



and carry abundant fossil remains. The Spiri- 
ferina pulchra fauna here listed apparently 
ranges throughout the formation. 

In the section nearest the Union Wash the 
Owenyo apparently has a thickness of only 
125 feet Here the contact with the underlying 
Reward conglomerate is shown and the meas- 
urement is carried up to the Triassic shales. 
There may be faulting in the section, but none 
is apparent. In the hill to the north (see PL 
IX, A ) there has been some faulting and the 
exact relations of the formation are not clearly 
shown. 

The fauna of the Owenyo limestone is of 

considerable interest. The following faunal 

list and comment thereon was prepared by Mr. 

Girtv : 

Stenoporn? sp. 

Lioclema? sp. 

Spiriferina pulchra. ^ 

Procluetus subliorridus.- 

Cliothyridlna? sp. 

Deltopecten coreyanus? 

Avlculopecten sp. 

Niioula perumbonnta? 

Sanguinolites nff. S. costal ns. 

Euphemus n. sp. aff. E. subpapiHosus. 

Lot C-7 especially suggests the SpirifcrUia pulchra 
fauna, which is best known in. Utah and Idaho but 
which probably ranges into Nevada. I have tenta- 
tively been assigning the Spiriferina pulchra horizon 
to the Permian, but I am not sure that this is correctly 
done. One of the most striking features of the C-7 
fauna is the abundance of a large Euphemus which 
may be an unusual form of E. svbpapiJlosus or a new 
species related to It. It Is interesting, though per- 
haps not significant, that the topmost Paleozoic hori- 
zon in the Alps is, I believe, called the Bellerophon 
limestone and that Bellerophon-bearing beds (consist- 
ing of Euphemus subpapUlosus) form a well-marked 
horizon at the top of the Carboniferous in descending 
the Grand River. 

Another lot of fossils was collected at a 

lower horizon, apparently about 75 feet below 

the top of the formation. Of these Mr. Girty 

identified the following forms, none of which 

he considers diagnostic: 

Chonetes aff. C. geinitzianus. 
Marglntfera? sp. 
Streblopterla ? sp. 

Later (in 1916) Mr. Girty adds: 

The Spiriferina pulchra fauna Is more or less char- 
acteristic of the Phosphoria formation of Idaho, the 
Park City formation of Utah, and tho Embar forma- 
tion of Wyoming. The Park City formation is about 
equivalent to the " Upper Coal Measure limestone " of 
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the King Survey. Compared with the Phosphoriu 
formation it is believed to comprise the Phosphoria 
plus a certain thickness of the underlying Wells 
formation. The Phosphoria formation is regarded as 
Permian and the Wells as Pennsylvanian, so that the 
Park City is not a well-constructed formation. 

Mr. Girty's general conclusion is that " you 
had best refer your collection to the Permian 
and correlate it with . the Park City, Phos- 
phoria, and Embar, though the Park City con- 
tains some Pennsylvanian and the Embar con- 
tains Pennsylvanian, Permian, and Triassic." 

THE CARBONIFEROUS-TRIASSIC CONTACT. 

In 1901 James Perrin Smith * discussed the 
Paleozoic and Mesozoic boundary in western 
North America, basing his conclusions in part 
on the stratigraphic relations shown in the 
Inyo Kange, Cal., and contended that the se- 
quence from the Carboniferous to the Triassic 
is unbroken. He says : 

Below the Meekoceras beds of Inyo CJounty lie sev- 
eral hundred feet of barren shales, and below these is 
siliceous limestone containing Fusulina. Above the 
Meekoceras beds are 800 feet of calcareous shales with 
impressions of ammonites, and then a few feet of 
black limestone with Acrocfiardiceras, Hungarites, 
TiroliteSt Ceratites, Xenodiacus, and Parapopanoceras, 
probably belonging to the base vt the Middle Trias. 
The entire series appears to be conformable, from the 
Upper Carboniferous to the Middle Trias. ♦ ♦ ♦ 
The real transition from Paleozoic to Mesozoic must 
be sought in the conformable series below the Meeko- 
ceras beds and above the Fusulina limestone. 

The very great importance of establishing 
continuity of deposition between any two sys- 
tems, particularly between the Carboniferous 
and Triassic, is immediately obvious. Accord- 
ingly, the mutual relations of these two were 
studied for more than 20 miles, from a point a 
couple of miles south of the Reward mine to the 
region near the Ubehebe trail southeast of 
Keeler, where the sediments are covered with 
basalt. These studies determined the existence 
of a well-marked unconformity between the 
Carboniferous and Triassic, with no evidence of 
a gradual transition, either f aunal or.lithologic. 

The Triassic sediments of the Inyo Range 
are greatly disturbed by masses of intrusive 
rocks and by numerous faults, and in order to 
gain even an approximate idea of the succes- 

^ Smith, J. P., The border line between Paleozoic and 
MesoEoic in western America: Jour. Geology, vol. 9, No. 6, 
pp. 512-621, 1001. 



sion of the strata a large number of isolated 
sections must be measured and pieced together. 
South of Mount Whitney railway station, 
where the Triassic and Carboniferous are 
chiefly exposed, the range is synclinal in struc- 
ture, and here as elsewhere is traversed by 
many complicated faults, some of which are 
of considerable magnitude. The faults that 
trend in general northwestward are especially 
troublesome to the stratigrapher, as most of 
them fault the Carboniferous and Triassic 
into contact and conceal the normal succession 
of beds at the boundary. (See, however, p. 
46.) The fault contact may be seen very 
clearly on the road from Keeler to the Cerro 
Gordo mine, at the Estelle Mining Co.'s camp, 
where the mouth of the tunnel and the excava- 
tion for the powder house are both cut along it. 
This is on the east side of syncline. On the 
west side the fault contact is exposed in several 
of the lateral canyons opening into Owens 
Valley. In addition to these faults, which 
may be traced for a considerable distance north 
and south, a large transverse fault trends 
southeastward obliquely across the syncline 
from a point north of the Cerro Gordo road. 
Numerous smaller faults^ of local importance 
do not affect the Carboniferous and Triassic 
boundary. 

The locality discovered by Walcott and 
visited by Smith lies some distance north of 
the area just descril)ed and is completely sepa- 
rated from it by great masses of igneous rocks. 
It has been described as lying 1^ miles east of 
the Union Spring near the Saline Valley trail 
over Union Wash and about 3 miles east of 
Skinner's ranch but would better be described 
as being on the south side of the first large 
canyon north of Owenyo, a station on the 
narrow-gage railroad and the present northern 
terminus of the Southern Pacific broad-gage 
line. A road leads up the canyon to an 
abandoned mining camp. 

The Triassic, as shown at the locality, ap- 
pears to belong to the eastern limb of the syn- 
cline, the strike of the beds having carried the 
remainder of the syncline outside the range. 
As in the area to the south, it has been faulted 
down against the Carboniferous. At least 500 
feet of the basal Triassic and not less than 
2,000 feet of the Carboniferous have been 
faulted out, bringing the Triassic into juxta- 
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position with the Diamond Peak quartzite. 
The fault which passes down the lateral canyon 
just east of the Lower Triassic fossil locality, 
and which probably explains the presence of the 
canyon, folded and disturbed the fossiliferous 
layer and some of the adjacent beds. Its 
course may be traced in the north wall of the 
main canyon and beyond. The faulted zone 
carries some low-grade ore, which has been 
prospected at several places. Farther north 
the"" fault cuts diagonally across the strike of 
the beds, passing entirely into the Triassic, 
and goes out into the valley. 

A mile and a half or more north of Union 
Wash, about midway between this locality 
and the Reward mine, in a conspicuous hill 
which rises some distance from the main 
mountain mass, is the only certainly normal 
Carboniferous and Triassic contact known in 
the range. The Permian limestones, dipping 
steeply southwest, form the main mass of the 
hill, and the Triassic shales form a sloping 
ridge that merges into the general valley level. 
The eastern side of the hill shows evidence of 
faulting. A small canyon cuts the center of 
the hill and affords an excellent section, clearly 

"^ exposing at several places the contact between 
the Triassic and Permian. 

In most other parts of the range, wherever 
the Triassic and Carboniferous are shown in 
contact, evidence of faulting is indubitable. 
About 5 or 6 miles south of Keeler on the Ube- 
hebe trail, however, the evidence is not conclu- 
sive. The Triassic here lies in contact with a 
massive conglomerate, apparently the Reward, 
and it is possible that the Permian limestones 
have been eroded and that the contact is un- 
disturbed. It lies, however, at the bottom of a 
sharply incised ravine, and this, taken in con- 
junction with other structural features, sug- 
gests a fault. 

The unconformity between the Permian and 
Triassic in the hill between Union Wash and 
the Reward mine, described above, is sharply 
defined and clearly marked. The surface of 
the Owenyo limestone is weathered and irregu- 
lar. Resting on it and forming the basal mem- 
ber of the Triassic is a bed of variable com- 

' position and thickness (maximum thickness, 
12 feet). In one place the bed consists of a 
calcareous sandstone with conglomeratic lenses 
and a capping layer of impure mud-cracked 



limestone; and a few hundred yards away it 
is a quartz-pebble conglomerate with a cal- 
careous matrix. One block of yellowish-brown 
calcareous sandstone, found on the talus below 
the contact, is crowded with pelecypods, which 
were identified doubtfully as Myalina by Mr. 
Girty, who says that " their association and the 
rocks in which they are embedded strikingly 
recall the Lower Triassic of Idaho and Utah, 
the equivalent of Walcott's Grand Canyon 
Permian." lie adds, however, that they may 
be Carboniferous. No similar rock was seen 
below the unconformity, and the block proba- 
bly came from the basal bed of the Triassic. 

Above the basal bed the typical Triassic 
shales begin sharply and, so far as exposed, 
are consistently green and papery. At many 
places near their base they contain nodules of 
iron. Higher in the Triassic the sediments are 
more arenaceous and platy and contain some 
bands, 2 to 5 feet thick, of thin fissile shales 
similar to those immediately overlying the Per- 
mian. The general talus slope, however, con- 
sists of iron-stained brownish to buff plates 
that tinkle under a horse's hoof. In all the 
section exposes at least 500 feet of Triassic 
shales, no part of which is represented in the 
section at Union Wash. Triassic fossils occur 
in these shales, cephalopods having been found 
within 100 feet of the base. 

Plainly, the passage from the Paleozoic to 
the Mesozoic in California is abrupt, not grad- 
ual, and is marked by a well-defined imcon- 
f ormity. The " conformable series beneath the 
Meekoceras beds," described as occurring at 
Union Wash, lies stratigraphically not less 
than 2,000 feet beneath the top of the Car- 
boniferous, the intervening beds being cut out 
by a fault which also cuts out several hundred 
feet of the basal Triassic. 

UNDIFFERENTIATED PALEOZOIC LIMESTONE AND 

DOLOMITE. 

Two areas mapped as undifferentiated Pale- 
ozoic lie opposite each other, on the east and 
west sides of the range, facing Saline Valley 
and on Owens Valley. The structural rela- 
tions of the beds indicate that they are pre- 
Carboniferous, and they can not be older than 
Ordovician. The beds consist of limestone 
and dolomite, which ar^ higldy metamorphosed 
and in the vicinity of SwiiMBa haye been qaar- 
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ried for marble. No fossils were seen. It is 
probable from the lithologic character of the 
limestones that they represent the Devonian, 
in part at least; and it may well be that on 
the east side of the range, where a greater 
thickness of beds is exposed, the Ordovician 
is also present. The conclusion is, therefore, 
that these undifferentiated Paleozoic strata are 
Devonian, Ordovician, or both. 

TRIASSIC SYSTEM. 
DISTRIBUTION. 

According to Smith,^ both Lower and Mid- 
dle Triassic faunas are present in the Inyo 
Range. Overlying the Triassic sediments 
studied by Smith there are several thousand 
feet of rocks, mainly volcanic. No fossils were 
found in these higher beds, which may be 
Middle or Upper Triassic and may even in- 
clude rock^ of Jurassic age. 

From the Union Wash to the Ubehebe trail, 
southeast of Keeler, the Triassic sediments are 
prominently exposed in the trough of a broad 
sjmcline, which is flanked on either side by the 
more resistant Carboniferous sediments. Their 
base (see p. 46) is exposed between Union 
Wash and the Reward mine. The fossUiferous 
beds of Lower and Middle Triassic age are 
shown in only a few localities, the best sec- 
tion being that described by Smith, on the 
south side of Union Wash, where both Lower 
and Middle Triassic are exposed. Near the 
crest of the range south of New York Butte 
Middle and possibly Lower Triassic beds crop 
out in some of the faulted wedges. On the 
west limb of the syncline, both on the Cerro 
Gordo and Saline Valley Salt Co.'s roads. 
Lower Triassic sediments appear. A good sec- 
tion of the Lower Triassic, on the Ubehebe 
trail southeast of Keeler, affords opportunities 
for collecting fossils. On both the eastern and 
western limbs of the syncline from the Saline 
Valley Salt Co.'s road south, the Lower and 
Middle Triassic are exposed, but at most places 
the beds are badly disturbed and in some places 
are metamorphosed. 

The great volcanic series is shown to best 
advantage along the trail from the Mount 

1 Smith, J. P., Comparative stratigraphy of the marine 
Trias of western America : California Acad. Sci. Proc., 3d 
8er.» ToL 1, pp. 350-351, 1904. 



Whitney railway station to the Burgess mine, 
at the crest of the range just south of New 
York Butte, but for their detailed study the 
exposures along the Saline Valley Salt Co.'s 
road are perhaps the most convenient. These 
volcanic rocks are also shown on the west side 
of Owens Valley in the Alabama Hills, where, 
however, they are greatly disturbed by fault- 
ing, folding, and granitic intrusions. 

Kocks supposed to be in part Triassic occur 
as roof pendants in the Sierra Nevada. (See 
pp. 62-63.) 

LOWEB AVD MIDDLE TRIASSIC ROCKS. 

Detailed stratigraphic work in the field will 
doubtless make it possible to separate the 
Lower from the Middle Triassic and recon- 
struct a fairly accurate section from the. dis- 
sociated and fragmentary sections available, 
but no attempt was made to separate them in 
this reconnaissance. Although fossils are 
locally abundant in the Lower and Middle 
Triassic. little time was available for collect- 
ing them, and no new types were added to 
f aunal lists made by Smith.^ 

Between Union Wash and the Beward 
mine, where the basal Triassic is shown, are 
500 feet of arenaceous shales that are not 
represented in the section at Union Wash. 
About 75 feet above the base of these shales a 
cephalopod that was identified by J. P. Smith 
as Danubitesf sp. was found. The section at 
the Union Wash is faulted and folded, espe- 
cially in its lower portion. In view of these 
facts and of the sections on the Ubehebe trail 
the Lower Triassic should measure not less 
than 1,500 feet, and perhaps considerably more. 

The thickness of the Middle Triassic can not 
be computed from the data at hand. Smith 
records a fauna which he considers of basal 
Middle Triassic age as occurring in a 5-foot 
limestone layer near the top of the Union Wash 
section. Higher in the section (southward 
along the mountain) several hundred feet of 
sediments of volcanic origin, whose lower beds 
are interstratified with marine calcareous de- 
posits, appear to fall within the Middle Tri- 
assic. (See PL TX, B.) Still higher there 
are several thousand feet of strata, largely vol- 
canic i-ocks of undetermined age. 

« Idem, pp. 350-351, 357. 
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TW Low\HP Triassic consists in the main of 
<«)cji)r>Kvii< sli;iiIos and some beds of impure 
IiBMcstone. The hasal beds comprise 500 feet 
of tliiD-bedded arenaceous shales. The higher 
iihis ar«e decidedly carbonaceous and are very 
daii^ — in many places sooty black. Fossils 
ai^ foHDd chiefly in the limestone lenses, 
i^-iU!)! <^^iDe >{>ecimens occur in the shales. 
Tbe MSddle Triassic apparently consists of 
nestones and calcareous shales inter- 
with sediments of volcanic origin, 
<iie-ST andeshic breccias, which carry frag- 
iMCits of Triassic limestone and are consider- 
aithr altered. 



TXIA88I0 ROOKS. 



the fossiliferous Middle Triassic 
axpi the andesitic breccias with interstratiiSed 
Triassic limestone is a great series of 
consisting in the main of volcanic 
teriaL Along the trail from the Mount 
Whitney station to the Burgess mine at the 
crest of the Inyo Bange is a mass of these beds, 
vhicfa is estimated from breadth of outcrop 
azi'i dip to be not less than 5,000 feet thick. A 
ir estimate made along the Saline Valley 
Co/s road from Swansea to the crest of 
tiie range gave approximately the same thick- 
CMEfiEu The beds are prevailingly brilliant in 
crjor. ranging from greens to lavender and 
Stratified andesitic tuffs and brec- 
are abundant throughout the series. 
Whether these beds are of Middle, Upper, 
tir pogt'Triassic age could not be determined. 
Xo fofafdls were found in them. Stratified vol- 
^smiic rocks of Middle and Upper Triassic as 
«'*'I1 as Jurassic age in other parts of Cali- 
fornia have been described, and it is of course 
fir^^ibk that the great accumulation in the 
li^ro Bange represents deposits of all these 



71* j|CDeoas rocks interbedded -witH this 
i^nk of s!#f^liments are treated at length by 
JUr. Kis^jpL (See pp. 58-59.) 



tntflAXt AMV aVATEBFABT BOCKS OF THE 

BZaiOF. 

fnAffM LAKK BEDS. 
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recently) an assemblage of beds of strikingly 
different aspect from the surrounding bedrock 
formations is exposed. The strata are bril- 
liant white or light gray and are dissected by 
numerous gulches and sharp ravines, so that a 
sort of badland type of topography is pro- 
duced. The beds consist mainly of shales, with 
associated sandstones, conglomerates, thin 
limestones, and arkose grits. All of these, ex- 
cept the limestones and g?*its, are soft and 
loosely coherent. They are evenly and per- 
sistently stratified in thin beds, as a rule not 
exceeding 2 feet in thickness. They dip west- 
ward at small angles, nowhere exceeding 6®. 
As the base on which they rest is nowhere vis- 
ible, their thickness is not determinable, but it 
is at least 150 feet. 

A particularly instructive section of these 
beds is exposed on the south side of the road 
to Graham Springs. In a small alcove carved 
in granite a series of f eldspathic . or arkosic 
grits has been laid down in massijre, firmly in- 
durated stratified beds, some of which are 6 
feet thick. These beds are composed of angu- 
lar grains of quartz and of fresh, clear ortho- 
clase and plagioclase embedded in a cement of 
calcite. In the beds of arkose there are irregu- 
lar layers composed almost wholly of unsorted, 
angular, or subangular granite boulders, whose 
longer axes invariably lie flat, in this respect 
differing notably from the boulders in the al- 
luvial-cone deposits, in which the axes stand 
at any angle to the bedding. These strata are 
somewhat fossiliferous, carrying the fresh- 
water gastropods that are so common through- 
out the formation, and are manifestly littoral 
deposits. Cei-tain deposits occurring along the 
Saline Valley road, described as shore deposits 
by Walcott and Trowbridge, are, however, al- 
luvial breccias, or " f anglomerates," belonging 
to the overlying unconformable series of 
gravels. 

Locally the beds, including even the con- 
glomeratic members, are crowded with fresh- 
water fossils. They were therefore laid down 
in a lake, for which the name Waucobi was 
proposed by Walcott, who first described the 
beds.* 

Fossils found by Walcott were identified by 
W. H. Dall, who reported : "Any of them 



Al/^»^ i\^ f/KHhill« of the Inyo Range east ^ Walcott. C a, The post-Plctetocene eleTatJon o f the 
^Kmir w»^ * ^/miiin J .. J le, ^^^^ Range and the lake beds of WaacobllWtafiMHl^ Itoyo 

^ YAiri^i ^^ff Alvord, as it was known until county, Cal.: Jour. Geology, vol. 6, p. SiCV liif . 
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might be Recent or Pliocene; my impression 
from the mass is that they are Pleistocene." ^ 
Gastropods occurring in thickly crowded 
masses, found in 1912, were identified by Dr. 
Paul Bartsch, of the United States National 
Museum, as Cinoin/natis eineinnatiensis An- 
thony, a species characteristic of ponds, lakes, 
or very sluggish water. 

Deposits proved by their well-stratified char- 
acter and their content of fossils to be of lacus- 
tral origin extend from an altitude of 4,000 
feet up to 5,200 feet, above which their exten- 
sion is highly problematical, though Walcott 
is of the opinion that undoubted lake beds oc- 
cur on the Waucoba road at an altitude of 
7,000 feet. Here, in the midst of extensive 
alluvial breccias, are two small outcrops of 
crumbly white sandstone, 2| feet thick, over- 
lain by 6 feet of yellowish sandstone and un- 
derlain by coarse angular conglomerates. 
These outcrops, however, seem best explicable 
as pockets or lenses of finer material in the 
coarse, angular, unshingled, and unsorted al- 
luvial breccias that extend continuously along 
the Waucoba road to the summit of the range, 
across the divide, and down the east flank. 

The lake beds are unconformablv overlain 
by alluvial breccias, or " fanglomerates," to use 
Lawson's term. At some places the unconform- 
ity is readily apparent, but at others the exact 
position of the surface of unconformity is diffi- 
cult to find. As most of the lake beds are poorly 
lithified, few characteristic rock fragments de- 
rived from them occur in the overlying de- 
posits^ so that this means of determining un- 
conformable superposition is commonly lack- 
ing. Further, the incoherent lake beds were 
easily reworked, and the material thus derived 
from them was incorporated in the overlying 
deposits without essential change of appear- 
ance and now forms the matrix of the gravels. 
In this way deposits simulating littoi*al phases 
of the lake beds were formed, and the discrimi- 
nation of true lake beds from terrestrial de- 
posits is not everywhere possible. 

The unconformity between the lake beds and 
the overlying coarse alluvial breccias is well 
shown north of the Waucoba road at an alti- 
tude of 4,500 feet. At this locality the al- 
luvial deposits are 40 feet thick instead of a 



1 Op. cit., p. 342. 



few feet as is more common; they are firmly 
indurated, are formed of angular to subangu- 
lar fragments, and contrast notably in color 
with the bright tints of the subjacent lake beds. 
Near the contact a slab of the underlying lake- 
bed grit, measuring 5 by 4 by 1^ feet, was 
found in the alluvial breccia. Moreover, it was * 
standing vertically, a feature common enough 
in the alluvial deposits of Owens Valley, but 
nowhere observed in the lacustral deposits. 

Near McMurry Spring the nature of the un- 
conformitv is not so obvious. Above the un- 
doubted lake beds there is 20 to 30 feet of soft 
sandstone containing irregular pockets, lenses, 
and channels of coarse angular and subangular 
gravels. In some beds the pebbles are excel- 
lently shingled, but in others they stand at all 
angles to the bedding. The sandstone is fur- 
ther noteworthy in being speckled with nu- 
merous small particles of white rhyolite pum- 
ice. Above the sandstone are angular gravels, 
the top layer cemented by carbonate to a depth 
of 4 to 5 feet and the underlying layers unce- 
mented, the matrix being a dusty silt. The 
cementation is clearly a surface effect allied 
to that of caliche and similar deposits common 
in arid regions. 

At the north entrance of Devils Gate, on the 
Waucoba road, a prominent white stratum 
overlies sandstone and angular conglomerate, 
which are regarded by Walcott as belonging to 
the lake-bed series but here interpreted as be- 
longing to the overlying unconformable de- 
posits. The white bed is 4 feet thick, is com- . 
posed largely of pumiceous rhyolite particles, 
and rests on an irregular surface. The irregu- 
larities, however, are small, and at a short dis- 
tance the bed appears to be horizontal. The 
underlying yellow sandstone is speckled with 
rhyolite pumice particles and is similar to that 
at McMurry Spring. This content of rhyo- 
lite pumice, hitherto unrecognized, may pos- 
sibly serve as a means of correlation ; certain it 
is that strata of pumice breccia occur both in 
undoubted alluvial cones along the west flank 
of the Inyo Range and in deposits undoubtedly 
laid down in bodies of standing water. 

AREA SOUTH OF BIO PIKE. 

Seven miles south of Big Pine, a short dis- 
tance northeast of the Buckeye mine, there is 
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a series of poorly exposed lake beds. A few 
openings have been made here during the 
recent exploitation of some interstratified 
diatomite deposits. The strata, which consist 
of evenly bedded soft sandstones and shales 
and some diatomite, aggregate several hundred 
feet in thickness. They are partly covered by 
a flow of olivine basalt. 

The main diatomite bed, which is traceable 
for several hundred feet, is approximately 6 
feet thick. It is overlain successively by 1 
inch of rhyolite pumice tuff, by 1^ feet of di- 
atomite, and by shaly beds and is underlain 
by a yellowish argillaceous stratum. Lower 
in the stratigraphic column there are other 
diatomite beds, some of them underlain by a 
white sandstone containing numerous small 
flakes of biotite. 

The diatomite of the principal bed, which is 
of great purity, was examined by Albert Mann, 
who reports as follows : 

The material is an earth high in percentage of di- 
atonic? and is of strictly fresh-water origin. The 
forms contained are as follows in the order of their 
frequency : 

E^pithemia argus (Ehrenberg) Kutzing; very 

common. 
Frapilaria construens Ehrenberg, with numer- 
ous varieties; very common. 
Cymbella gastroides Kutzing, especially var. 

minor Grunow ;* common. 
Melosira crenulata Kutzing, principally var. 

laevls and semilaevis Grunow; common. 
Gomphonema constrlctum Ehrenberg, with 

var. capitata ; common. 
Synedra capitata Ehrenberg, frequent. 
Epithemia (Rhopalodia) gibba (Ehrenberg) 

Kutzing var. ventricosa Grunow ; rare. 
CJocconels placentula Ehrenberg ; rare. 
The quantity of fresh-water sponge spicules In 
this deposit is unusually small. 

These beds strike N. 40° W. and dip 30° 
SW., a dip considerably higher than that of 
the late Cenozoic lake beds elsewhere in the 
region. The most probable interpretation of 
this is that they form part of a fault block that 
has been somewhat highly tilted. 

NORTH OF OWENS BIVEB. 

The high bluffs on the north side of Owens 
Eiver, a few miles north of Bishop, show a 
nearly horizontal series of white beds of rhyo- 
litic composition. A thickness of 70 feet is ex- 
posed, but the base is not visible. The finest 



strata are as fine as dust ; the coarsest consist of 
well-rounded pebbles of pumice half an inch to 
an inch in diameter. All are evenly and regu- 
larly bedded, single beds only 2 to 3 inches 
thick being traceable continuously along the 
face of the bluff for 200 to 300 feet. The 
coarse beds commonly and the fine beds rarely 
display cross-bedding of the foreset type; the 
cross layers generally dip 15° E. No fossils 
were found in this series of beds, but on the 
whole it is probable that they were deposited 
in a lake. 

A large proportion of the white sediments is 
rhyolitic ash, grains of quartz, and small peb- 
bles of white pumice and black obsidian. The 
pumice is generally porphyritic from the pres- 
ence of relatively large phenocrysts of quartz. 

The white rhyolitic beds, which are very 
friable, are capped by a cliff-making stratum 
of pinkish-gray tuff composed of rhyolitic ma- 
terial and carrying numerous fluxional pumice 
fragments, quartz particles, and angular frag- 
ments of black obsidian. 

This capping stratum serves as an admirable 
register of the displacement that the beds have 
undergone by faulting. Along Fish Slough 
they have been broken by a major north-south 
fault and by a number of minor east-west 
faults, along which the separate fault blocks 
have been given a southward tilt. 

NORTHEAST OF LAWS. 

On the east side of Owens Valley an excava- 
tion at the mill of the Southern Belle mine, 
at an altitude of 4,500 feet, affords a good ex- 
posure of what are probably lake beds over- 
lain unconformably by alluvial brecciaa The 
supposed lake beds, consisting mainly of grav- 
els, are rather evenly and persistently stratified 
and dip 14° W. The gravels are well rounded 
and fairly well sorted ; the pebbles do not ex- 
ceed 8 inches in diameter. The thinner beds 
consist of small, flat, generally well-rounded 
schist and slate fragments, and as a rule are 
well shingled. 

The overlying alluvial breccias are sharply 
angular gravels composed largely of slate and 
schist. They are rudely layered, and, although 
resting on an irregular surface of erosion, they 
dip accordantly with the subjacent strata. It 
must be admitted, however, that this uncon- 
formity does not suggest an important time 



TERTIARY AND QUATERNARY ROCKS OF THE REGION. 



51 



break. The section is shown in Plate X, A; 
the contrast between the rudely layered allu- 
vial deposit and the well-bedded deposit below 
is clearly brought out, but the erosional contact 
is not easily distinguishable. 

Similar alluvial material is exposed in one 
of the mine tunnels, in which the beds dip 28*^ 
to 45° W. The bedrock surface on which they 
rest is not a fault contact but an exceedingly 
rough and irregular surface of erosion. An- 
gular blocks, 3 to 4 feet long, rest in channels 
cut in bedrock and are overlain by beds of sub- 
angular boulders. 

The section probably represents littoral lake 
beds, which were exposed soon after they were 
deposited by a lowering of the lake waters and 
were covered by alluvial deposits, an explana- 
tion suggested by the late Quaternary historj'^ 
of Owens Lake. 

SOTTTH OF KEELER. 

Loosely cemented sediments imderlie the 
broad basin between the Inyo and Coso moun- 
tains, skirt the flanks of the Coso Mountains, 
and extend southward across the low divide 
between Owens Valley and Rose Spring Val- 
ley. They are particularly well exposed at the 
south dam of the Haiwee reservoir of the I<os 
Angeles Aqueduct. 

The general structure of the beds is that of 
a low anticline whose axis strikes north and 
south. Faults of small displacement occur in 
places. Along the west limb of the anticline 
the beds dip 10°-14° W.— that is, toward the 
Sierra Nevada. 

The beds in the area between the Inyo and 
Coso mountains consist largely of loose gra- 
nitic detritus, as a rule rather coarse. Stratifi- 
cation is not well developed, though some beds 
of arkose grit, 1 to 2 inches thick, are firmly 
enough cemented to form distinct strata. Pu- 
miceous rhyolite tuffs are prominent toward 
the top of the sedimentary series, especially 
along the flanks of the Coso Moimtains. The 
volcanic members are well shown east of the 
Haiwee reservoir. The beds here are conspicu- 
ously white and are evenly and persistently 
stratified. Thev consist of calcareous sand- 
stones (the finer grained of which contain 
much flaky black mica), shales, and rhyo- 
litic breccias and tuffs. Breccia composed of 



fragments of rhyolite pumice forms beds that 
attain a thickness of as much as 30 feet. In 
the thicker beds the pumice, which is a biotite 
rhyolite of silky luster, is present in angular 
fragments reaching a length of 6 inches. Some 
beds of conglomerate occur also, jioteworthy 
in containing well-rounded pebbles of the 
rhyolite pumice. Slabs of coarsely crystalline 
gypsum an inch or so thick were noted but are 
not well enough exposed to show whether they 
are veins or chemical precipitates deposited 
contemporaneously with the sediments. 

These deposits have been regarded as lake 
beds by the geologists who have previously 
examined them. No fossils had been found in 
them, however, until the present reconnais- 
sance, when some were obtained from a cal- 
careous clay or shale exposed at the south dam 
of the Haiwee reservoir. Those collected seem 
to throw some doubt on the previously accepted 
explanation. E. O. Ulrich, to whom the fossils 
were submitted, says: 

The samples submitted contain very abundant re^ 
mains of minute Ostracoda. Unfortunately nearly all 
the specimens are crushed or distorted, and most of 
those that do retain approximately their original form 
are so greatly obscured by adhering matrix that close 
specific determination is difficult and for many speci- 
mens impossible. 

Perhaps half a dozen species are Indicated. Most 
of them suggest Cythere and Cythetideia — marine and 
bracl?lsh-water genera; but the others suggest Cy- 
prideat Metacypris, Potamocypris, and other more, 
commonly fresh and brackish water genera. Satisfac- 
tory generic reference Is extremely difficult. 

The Interesting feature of these minute fossils is 
that they indicate marine connection for these sup- 
posed Inland lakes. The age of the beds should be 
Tertiary or later. 

Coarse gravels, mainly material composing 
the great alluvial cones flanking the Sierra 
Nevada, have been deposited on the irregular, 
deeply eroded surface of beds exposed at the 
south end of Owens Valley. This unconformity 
is clearly shown at different places along the 
Haiwee reservoir but especially at the south 
dam. Along the Darwin-Keeler road the beds 
are in places covered by sheets of basalt. 

The relation of these beds to the basalt ex- 
trusions throws some light on their age, so 
indefinitely fixed by the paleontologic evidence. 
The sheets of basalt form an important element 
in the geologic structure of the southern end 
of the Inyo Bange. At some time after their 
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extravasation they were broken by faults whose 
vertical displacement aggregates 1,400 feet: 
and subsequent to this faulting deep canyons 
were eroded well back into the basalt plateau 
that forms the summit of the range. It seems 
reasonable, therefore, to infer that the basalts 
were erupted at least as far back as early 
Quaternary time and that the underlying sedi- 
mentary beds are early Quaternary or possibly 
Pliocene. Although the basalt in the area be- 
tween the Inyo and Coso mountains rests di- 
rectly on the brackish-water beds, in the Inyo 
Kange it rests on angular gravels and silts 
that may represent littoral phases of the l)eds 
deposited farther out in deeper water. 

EAST OF KEABSABGE. 

Beds that are possibly of lacustral origin 
occur along the flank of the range east of 
Kearsarge, or Citrus, as it was formerly called. 
They dip 14°-17° W. (toward the Valley). 
From a distance they appear to be fairly well 
stratified, but examination at the outcrop 
shows that the layering is of the rudest sort. 
The beds are composed of fragments of gran- 
ite, limestone, chert, and quartz, firmly in- 
durated by a calcareous cement and generally 
angular, unshingled, and unsorted. The lower 
beds, however, contain a notable amount of 
well-rounded pebbles, some as small as one- 
fourth of an inch in diameter — possibly a 
' near-shore lacustral deposit, though its other 
features lend little support to this interpreta- 
tion. A. C. Trowbridge^ thinks they were laid 
down in a shallow lake, but this explanation 
can be substantiated only by finding fresh- 
water fossils within them. 

North of Kearsarge an isolated patch of 
rhyolitic tuff and breccia, at most 50 feet long 
and 6 feet thick, rests on granite in a large 
canyon at an altitude of 4,800 feet. No ex- 
posure like it was found anywhere in the sur- 
rounding region, but it is closely similar to the 
rhyolitic beds ea^t of the Haiwee reservoir, 40 
miles to the southeast. The coarser beds are 
composed of angular fragments of silky pum- 
ice, crystals and fragments of quartz, and feld- 
spar particles, all firmly embedded in a calcite 
cement; and the finer beds are essentially lime- 
stones. The beds are well stratified, and this 

* The terrestrial deposits of Owens Valley, Cal. : Jour. 
Geology, vol. 19, p. 732, 1911. 



fact, together with their calcareous nature, 
indicates that they were laid down in standing 
water. 

COBRELATION. 

The facts at hand are too few to afford a 
satisfactory correlation but are numerous 
enough to show the difficulties of the problem. 
The features that render difficult the decipher- 
ing of the history of the late Cenozoic depos- 
its are the scattered distribution of the beds 
and ttie unsatisfactory or inadequate evidence 
furnished by their fossils. The supposed lake . 
beds at Haiwee have vielded marine or brack- 

ft. 

ish- water ostra codes ; the fresh-water beds south . 
of Big Pine have yielded diatoms, which are 
of no value in correlation; the lake beds east 
of Zurich have yielded a fresh-water fauna 
ranging from Pliocene to Becent ; and the other 
supposed lake beds have yielded no organic 
remains. 

From the geologic evidence the ostracode- 
bearing beds appear to be the oldest* of the 
late Cenozoic deposits considered here, for the 
main faulting to which the Inyo Range owes 
its present relief took place, as already stated, 
after the sediments had been deposited and 
then covered in part by basaltic outflows, 
and subsequent to the uplift of the range deep 
canyons have been cut back into the high ba- 
saltic table-land. The lapse of time indicated 
by these events would pofnt to a pre-Quater- 
nary age for the deposits. It is somewhat dif- 
ficult to reconcile the marine origin indicated 
bv the ostracodes with the known facts of CaH- 
fornian geology: and pending the collection 
of more conclusive evidence, the description 
of the beds has been retained here under the 
heading of lake beds. 

It is noteworthy that rhyolitic ejecta occur 
in nearly all the deposits under discussion. 
But as two or more periods of rhyolitic erup- 
tion yielded products not certainly distinguish- 
able this does not aid much in correlation and 
is in fact more likely to add to the difficulty 
of the problem. 

ALLmiAL CONES. 

The great alluvial cones that flank the moun- 
tains on both sides of Owens Valley constitute 
one of the most striking features of the prov- 
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ince. Along the Sierra Nevada they overlap 
and produce an alluvial slope that extends 
continuously along the front of the range and 
merges almost imperceptibly into the valley 
floor. Along the Inyo Kange, however, they 
occur only at the mouths of canyons, and thus 
form distinct topographic units which stand 
out in bold contrast to the level floor of the 
valley. 

ALLmriAL CONES ALONO THZ SIEBBA NEVADA. 

General featwres. — The outwash apron of 
detritus discharged from the canyons of the 
Sierra Nevada forms a piedmont alluvial 
slope, 1 to 7 miles wide, that rises 1,000 to 
2,500 feet above the valley. This slope attains 
its greatest dimensions between Lone Pine and 
the basaltic field north of Independence — ^that 
is, it is widest and highest along the base of 
the cuhninating portion of the Sierra Nevada. 
The coalescence of Adjoining cones here has 
been nearly complete, resulting in a plain that, 
when viewed from the valley, appear? to slope 
evenly away from the mountains, its large 
dimensions obliterating the inequalities in its 
surface and causing underestimates of the 
great height to which the cones rise above the 
floor of the valley. 

In appearance the piedmont alluvial slope, 
sometimes called the " sagebrush slope," is dry 
and sterile; it is strewn with large boulders 
and is dotted with sagebrush, and altogether 
it forms an unpicturesque foregi'ound to the 
magnificent range that rises behind it. Parts 
of it are now being reclaimed from the desert 
by irrigation and are being planted with apple 
orchards, which seem to thrive even where the 
boulders are too numerous to permit tilling 
with the plow. 

The areal distribution of the outwash de- 
posits of the Sierra Nevada is shown approxi- 
mately on the geologic map (Pis. I and II, in 
pocket). The lower boundary roughly marks ^ 
the outermost limit of coarse wash, and the \ 
upper boundary marks the limit against the 
mountain froht, but is in places doubtful on 
account of the talus cones of granite sand that 
have spread over the alluvium. In a more de- 
tailed mapping of the region the:^o two classes 
of detrital material should be carefully dis- 
criminated ; and this separation will doubtless 
yield important results. Refined study would 



also lead to the discrimination and mapping 
of gravels of preglacial, postglacial, and pos- 
sibly interglacial age, and of glacial outwash. 
The fact that these distinctions can be made 
was recognized at a number of localities, but 
as their systematic elaboration would have 
proved disproportionately time consuming, all 
the outwash deposits were mapped as a unit. 

The average slope of the cones is between 6^ 
and 7°. The alluvial plain exhibits marked 
undulation near the mountain front, where the 
fact that it was formed by the lateral growth 
of adjacent cones is readily apparent. A dis- 
tinct depression marks the junction of contigu- 
ous cones, and the slope on both sides of each 
cone rises rather steeply toward the canyon 
from which the cone has been built. Toward 
the valley, however, this distinction between 
adjoining cones vanishes. 

The alluvium consists predominantly of 
coarse granitic detritus. The large size and 
the great number of the boulders, even at a 
distance of many miles from the flank of the 
range, are striking features. The largest 
boulder noted anywhere on the alluvial pied- 
mont slope exceeds 50 feet in length. This 
great granite block is partly embedded in the 
gravels of the alluvial cone at George Creek, 
about 2 miles from the mouth of the canyon. 
Other large boulders have traveled great dis- 
tances from the mountains ; some measuring 18 
by 6 by 8 feet lie along the fault scarp that 
traverses the alluvium west of Fish Springs 
School, practically at the outer edge of the 
alluvial slope, 4 or 5 miles from the canyons 
from which the debris was derived. Lone Pino 
Creek, where it flows through the Alabama 
Hills, 7 miles from the Sierra Nevada, is bor- 
dered by a terrace 50 feet high, composed 
largely of granite boulders 3 to 4 feet in 
diameterr _ _ 

^The thickness of the gravels is at least 500 
feet as determined by wells sunk by the Bureau 
of the Los Angeles Aqueduct. The logs of 
these wells, given by C. H. Lee,* show an alter- 
nation of coarse gravels, sands, and clays. Al- 
though the alluvial cones rise 2,000 to 2,500 
feet above the valley floor, it does not neces- 
sarily follow that the gravels are 2,500 feet 
thick, though in some places they may well be 
that thick. The cone of Lone Pine Creek, 

^U. S. Oeol. Sanrey Water-Supply Paper 294, pi. 22, 1912. 
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whose apex stands at a height of 6,500 feet, con- 
sists of a thin veneer of gravels spread over a 
granite platform. At many places in Owens 
Valley knobs of bedrock project through the 
gravels; in fact, two very considerable groups 
of hills — the Alabama Hills and the Poverty 
Hills — ^rise above the alluvial slope. The bed- 
rock floor of Owens Valley is doubtless essen- 
tially a mosaic of tilted fault blocks, the larger 
of which protrude through the alluvium, so 
that the thickness of the alluvium at any point 
is purely problematic. 

Dissection. — ^The streams that flow across 
the piedmont alluvial slope Jiave intrenched 
themselves in the gravels to depths that range 
from 75 to 150 feet near the ranjjo and that 
gradually diminish toward the valley. On 
some parts of the slope, notably at the apex 
of the cone of Greorge Creek, they have cut 
through the gravels and into the underlying 
bedrock to a depth of 25 feet. This dissection 
is not ascribable to increased stream flow, for 
the climatic change of Recent time has been 
toward aridity, as is shown by the partial des- 
iccation of the Pleistocene fresh-water prede- 
cessor of Owens Lake and by the disappearance 
of glacial conditions. Nor is the intrenchment 
of the streams wholly referable to the normal 
shifting of streams upon ^e cones, for the 
many abandoned channels that radiate from 
the apexes of the cones do not exceed 20 or 
30 feet in depth. A competent cause, which 
the prevalence of fault scarps traversing the 
alluvium very naturally suggests, is a recent re- 
newal of mountain growth, which has increased 
the grades of the str^^iups and invigorated 
their carrying powers. Another conceivable 
cause is the disappearance of the glaciers, 
which has diminished the supply of detritus 
and has thereby increased the competence of the 
streams to cut the piedmont' plluvial sinpe. 
That this is a possible exphinatiou is shown 
by the occurrence on Big Pine Creek of dis- 
sected outwash gravels of the second glacial 
epoch. (See p. 97.) On the whole this seems 
the most probable explanation ; but the amount 
of the downcuti'ing due to orogenic movement 
and of that due to diminished load can not 
be certainly evaluated from the data at hand. 
However, the dissection and terracing «.»f the 
gravels on Birch Creek, north of Bishop Creek, 
can be closely correlated with the glacial his- 



tory of the region ; and this fact supports the 
idea that the dissection of the gravels has 
been in the main due to climatic oscillations. 
Two-stage dissection is also shown on Lone 
Pine and on Bishop creeks, but its relation 
to the glacial history of the region remains 
unknown. 

Age of the gravels. — The gravels have prob- 
ably been accumulating ever since the Sierra 
Nevada was differentiated from the Great 
Basin province. The elevation of the range 
began in the Miocene, according to Lindgren,^ 
who believes that the tilting of the western 
slope of the Sierra Nevada began at the close 
of the rhyolitic epoch. The second and major 
uplift took place probably at the close of the 
Pliocene, when the range was differentiated 
from the Great Basin, and the scarp facing 
Owens Valley was formed, the uplift impart- 
ing new erosive energy to the streams that 
built the great alluvial cones. The cones are 
therefore regarded as very probably of Qui^ter- 
nary age. 

The granite boulders and detritus on the 
surface of the alluvial slope are essentially 
fresh, but those in some of the deeper stream- 
cuts are highly decomposed and rapidly disin- 
tegrate on exposure. This is notably true of 
the preglacial gravels lying beneath the basalt 
flow on North Fork of Oak Creek. On Birch 
Creek, south of Crater Mountain, where the 
deep gravels are excellently exposed, a large 
proportion of the old alluvium is thoroughly 
decomposed, boulders as large as 5 feet in di- 
ameter crumblinjr into sand when loosened • 
from their matrix. 

ALLXrVIAL CONES ALONO TKZ ZHYO KAVGE. 

Distribution and character. — Alluvial cones 
of two ages have been recognized along the 
flanks of the Inyo Range and have been dis- 
criminated on the geologic map (Pis. I and II, 
in pocket). The earlier cones are e^)ecially 
well developed along the west slope of the 
range, though the later series are there also 
prominent. The younger cones have been de- 
rived almost wholly from the erosion and par- 
tial destruction of the older. 

The most notable of the older alluvial de- 
posits lie between Silver Canyon and Black 

^Tertiary gravels of the Sierra Nevada of Callfomla: 
U. S. Geol. Survey Prof. Paper 73, p. 30, 1911. 



:. OELOLOOtCAL SuaTEY 



FBOFE8SIOMAL PAPEM 110 PLATE X 




, LAKE BEDS OVEBLAIN BY ALLUVIAL DEPOSITS NORTirEART OF LAWS. 




. SECTION OF ALLUVIAL CONE IN REDDING CANYON. 




C. CERRO GOHDO MINE. 



TEBTIAKY AND QUATEENABY 310CKB OF THE BEGIOK. 



66 



Canyon. The ancient gravels here form the 
foothills of the range and extend back into the 
canyons, rising to elevations as high as 6,600 
feet above sea level, or 2,600 feet above the 
fioor of Owens Valley. From a distance of a 
mile the alluvial deposits appear to be fairly 
veil stratified, a feature that has led some ob- 
servers to call them " lake beds," but examina- 
tion of them close at hand, which alone can 
shake off the long-distance impressions, shows 
that the seemingly even stratification is at best 
a rough, uneven, discontinuous layering. In 
Plate X, B, the camera, by generalizing and 
thus emphasizing the layering of the deposit, 
has produced the same appearance that dis- 
tance produces to the eye. 

The old alluvial cone in Bedding Canyon, 
which is one of the best developed in the 
range, is deeply dissected and its structure and 
constitution are revealed in many excellent ver- 
tical sections. It consists of angular gravels, 
unshingled, unsorted, and rudely layered. A 
noteworthy feature of the deposit is the size 
and number of the granite boulders, many of 
which are 6 feet and some 12 feat in diameter. 
The granite is derived from a mass that in- 
trudes the Cambrian rock? at the bead of the 
canyon. The deposit is semi-indurated and 
spalls off in great masses. " Toadstools" (pil- 
lars of gravel capped by granite boulders) are 
striking feature here and are due to the par- 
tial cementation of th» gravels. The rude lay- 
ering of the deposit (it can hardly be called 
stratification) commonly dips 6° W. (See PI. 
X, B.) At the mouth of this canyon, at an 
altitude of 4^00 feet, a breccia of white rhyo- 
lite pumice occurs as a bed 2^ feet thick, inter- 
calated between the angular unsorted gravels 
forming the main mass of the alluvial cone. 
The pumice bed and the inclosing alluvial 
gravel dip 7° W., but a short distance farther 
west the dip steepens to 16°, and this abrupt 
steepening indicates that the beds have been 
dislocated and tilted since they were deposited. 

The alluvial breccias. of the older cones are 
excellently shown in Black Canyon. The 
gravels, largely dark quartzites, are only very 
slightly waterworn and are unsorted. The de- 
posit, which is partly indurated, is unshingled 
and contains huge, promiscuously scattered 
boulders. In short, the sections displayed in 
cliffs resemble nothing so much as till. The 



bedding is of the rudest kind ; it appears to best 
advantage when viewed from a distance, for 
on close inspection the individual beds are seen 
to be poorly bounded above and below, though 
in places the bedding is somewhat emphasized 
by the intercalation of short lenticular masses 
of finer material. Walcott,' however, specific- 
ally refers to these deposits as lake beds. The 
pi-evailing dip is 5° "W. but ranges up to 14° W. 
Near the top of the cone there is a stratum con- 
taining considerable pumiceous white rhyolite, 
above which the layers dip a little less than do 
those beneath it, indicating that the ejection of 
the rhyolite pumice was followed by some 
change in the conditions under which the al- 
luvium was deposited. 

Remnants of what are probably this same 
series of alluvial cones He along the west fiank 




FlGUBB 1. — Diagrammatic kcMod nortbweit of Willow Creek, 
lajo Range. Cal, 1, Qusrtilte ; 2. basalt pumice toff ; I, 
coarae, angular graiela; 4, rbjollle pumice liiET; 6, baaalt. 

of the range as far south as Keeler. East of 
Keeler, within the canyon up which the road 
to the Cerro Gordo mine passes, they occur in 
nearly complete form up to an altitude of 4,500 
feet and appear as patches up to 4,700 feet. 
They show a rough layering, which in places 
dips as high as 18° W. This large westward 
dip indicates that the deposit has been consid- 
erably dislocated by faulting and tilting since 
it was laid down, for 7° appears to be the high- 
est initial dip of the undisturbed layers in the 
great alluvial cones of the province. 

Alluvial deposits that are probably much 
older than those on the western flank were laid 
down at a number of places on the east slope of 
the range. An interesting section northwest 
of Willow Creek, at an altitude of 3,000 feet 
(see fig. 1), discloses a series of quartzites, on 
whose upturned and irregularly eroded edges 



•Walcott, C. D., Jour. Geoloc;. vol. 6, p. 341, 1887. 
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lies 125 feet of coarse, an^lar, unsorted 
gravels, in which is intercalated a 2-foot bed of 
rhyolite pumice tuff. In one place a lenticular 
bed of tuff-breccia composed of red oxidized 
basaltic pumice lies beneath the gravels in a 
depression in the surface of the quartzite. A 
series of basalt flows caps the section. 

An extensivebody of firmly cemented ancient 
gravels extends 400 feet above the bottom of 
Marble Canyon (altitude, 6,100 feet) at the 
point where it is crossed by the trail to Wau- 
coba Spring. Cliffs cut in the lowermost grav- 
els afford 30-foot vertical sections that show 
typical alluvial-cone structure. The top grav- 
els form a veneer on a rock-cut terrace. Gran- 
ite boulders, some of them 5 feet in diameter, 
derived from the intrusive mass at Squaw Flat, 
constitute a noteworthy proportion of the grav- 
els. Another remnant of this deposit occurs 
higher on the same canyon (at an altitude of 
7,500 feet) at the point where the canyon opens 
out on Squaw Flat. Here gnivels containing 
granite boulders, some of them as much as 15 
feet in diameter, rest on a rock-cut terrace 50 
feet high. It is manifest that the canyon was 
excavated to its present depth or deeper, was 
subsequently filled with gravels, and was later 
again in part excavated. At present the re- 
moval of debris seems to have ceased, if, in- 
deed, the canyon is not again being alluviated. 

At the mouth of the canyon of Willow Creek, 
where it opens out on Saline Valley, gravels 
rise 500 feet above the stream. Near the 
Hunter Canyon trail coarse angular gravels 
persist as scattered patches on the precipitous 
ridges between the gulches as high as 2,000 
feet above the floor of Saline Valley. These 
patches of gravel, veneered on the flank of the 
Inyo Range, as it were, point unmistakably to 
faulting, which depressed the floor of Saline 
Valley at least 2,000 feet Near the mouth of 
Daisy Canyon remnants of old alluvium form 
foothills whose greatest altitude is 2,300 feet. 

Ilistory recorded in the allutnal cones, — \ 
notable feature of the old alluvial cones is that 
their apexes lie well within the canyons from 
which they were derived. In this respect they 
contrast strikingly with thealluvjal cones skirt- 
ing the Sierra Nevada, where the gravels are 
sharply bounded by the front of the range. A 
second notable feature is the deep dissection 
and erosion, which has supplied the material 



for the cones that project so boldly into Owens 
Valley. The older cone in Silver Canyon is 
dissected to a depth of 350 feet and that in 
Black Canyon to a depth of at least 500 feet. 
During this dissection a terrace that stands 
about 50 feet above the present canyon bottoms 
was cut in the gravel, as may be seen in Silver 
and Black canyons and in the canyon ascended 
by the Deep Springs road. 

The fact that the dissection of the older 
cones was accelerated by renewal of faulting 
along the west base of the range is indicated by 
the disturbevl dips shown from place to place 
and more cogently by the distribution of the 
old alluvial cones, whose remnants occur only 
in reentrants in the mountain front, the parts 
of the cones that formerly extended into Owens 
Valley having been obliterated. Other evi- 
dence of faulting is seen at the mouth of Black 
Canyon, where a small ridge built of the older 
alluvium is terminated at the valley by a 
sharply cut triangular facet. 

The upbuilding of the younger alluvial cones 
on the west flank of the range appears to be 
essentiallv at a standstill. AUuviation of the 
main canyons by the pouring in of detritus 
from the steep lateral tributaries is the main 
process now at work. Detritus is indeed car- 
ried out of the range and deposited upon the 
cones along the flank of the range during the 
cloudbursts that occur at long intervals, but the 
net result of erosive activity under pres^it con- 
ditions is the alluviation of the canyons. The 
feeble erosion during the present regime mani- 
festly results from the existing arid climate. 

The features of the younger cones lead to an 
interpretation of the history recorded in the 
older ones. After the Inyo Ean^e came into 
existence great canyons were cut into its west- 
em flank and concurrently great alluvial cones 
were built up along its base. Increasing arid- 
ity, however, so enfeebled the power of the 
streams that they dropped their loads of de- 
tritus nearer and nearer to the heads of the 
canyons, so that the apexes of the cones shifted 
upstream and great masses of gravel accumu- 
lated within the canyons. This burial of the 
canyons was interrupted by a renewal of 
faulting, and probably about the same time, 
as suggested by the glacial history of the 
Sierra Nevada on the opposite side of Owens 
Valley, the climate became more humid. The 
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competence of the streams was thus increased, 
and the gravels were swept out of the canyons 
and spread as a new series of alluvial cones 
along the base of the range. The destruction 
of older cones was temporarily halted, how- 
ever, by a recurrence of arid conditions, during 
which the terrace that stands 50 feet above 
present canyon bottoms wiis produced. More 
humid conditions supervened and the dissec- 
tion of the older deposits was renewed, but the 
complete removal of the gravels was arrested 
by the ushering in of the existing climate. 

The length of time involved in the construc- 
tion and subsequent dissection of the alluvial 
cones can be only roughly estimated. The in- 
tervention of the faulting complicates the rec- 
ord and introduces a factor whose influence 
can not be readily evaluated, for, independent 
of any climatic change, it must have greatly 
accelerated the rate of destruction of the older 
cones. The first period of aridity, which fol- 
lowed the humid period when the lake beds in 
the reentrant east of Zurich were deposited, 
was marked by the construction of the older 
alluvial cones, which, as a glance at the geo- 
logic maps (Pis. I and II, in pocket) will 
show, were vastly larger than the later cones. 
The first period of aridity was therefore long, 
probably longer than all subsequent time. The 
succeeding period of increased humidity was 
also long. The second arid period was short 
as compared with the first; and the second 
humid period which ensued was much shorter 
than the earlier one. More precise compari- 
son is not possible, for the relative degrees of 
humidity that prevailed during the contrasted 
periods can not be determined. If, for in- 
stance, the precipitation during the second pe- 
riod of increasing humidity was just suflScient 
to cause slow downcutting of the gravels, the 
period may have been much longer than it 
appears to have been. The present climatic 
conditions have evidently prevailed for a con- 
siderable time, for the canyons, instead of be- 
ing sharply V^shaped from recent dissection, 
are comparatively wide floored, owing to allu- 
viation since the arrest of downcutting. 

The foregoing interpretation finds in oscil- 
lation of climatic conditions a cause adequate 
to account for some of the features of the al- 
luvial cones. It is therefore of interest to 
compare the climatic record thus outlined with 



that deduced from the glacial history of the 
east flank of the Sierra Nevada. The two rec- 
ords, if correctly determined, should of course 
be essentially similar, and tlie comparison, to 
be of most value, should be made between rec- 
ords that have been determined independently 
of each other; unfortunately, however, the cli- 
matic history is not wholly deducible from the 
study of the alluvial cones of the Inyo Eange, 
because, as already pointed out, the record is 
complicated by the intervention of a period of 
faulting between the building of the older and 
younger cones. 

The great alluvial cones along the base of 
the Sierra Nevada had attained their present 
height before the advent of the first glacial 
epoch, and the period of their upbuilding prob- 
ably corresponds to that of the older alluvial 
cones along the Inyo Range. The first glacial 
epoch corresponds to the older humid epoch, 
when the deep dissection of the cones began; 
the interglacial epoch corresponds to the epoch 
in which was built the terrace that marks the 
halt in the downcutting of the cones ; the sec- 
ond glacial epoch corresponds to that of the 
return to more humid conditions and the con- 
sequent renewal of dissection; and postglacial 
time is recorded in the Inyo Eange by renewed 
alluviation of the partly resurrected canyons. 
The lengths of the corresponding time subdi- 
visions, as conjecturable from both records, ap- 
pears to be of the same order of magnitude. 

BEDS DEPOSrrED IN THE PLEISTOCENE OWENS LAKE. 

Beds deposited in the fresh-water predeces- 
sor of Owens Lake are well exposed east and 
southeast of Lone Pine, especially in the deep- 
cut banks of Owens River. Their distribution 
is somewhat arbitrarily shown on Plate II; 
they doubtless extend considerably farther 
northward, probably as far as Kearsarge, but 
outside the limits shown they are nearly com- 
pletely hidden beneath a covering of soil, al- 
luvial wash, and wind-blown sand. 

Owens River along its lower course has cut a 
trench, about 20 feet deep and 200 yards wide, 
which exposes horizontally bedded ash-gray 
strata of silt and of fine sand, both of which 
are shimmerv from comminuted flakes of bio- 
tite. In places fragments of pearly Unio shells 
are common in these beds. Some pebbly bands, 
2 to 3 inches thick, occur locally. 
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The thickness of these late Pleistocene lake 
beds appears to be at least 300 feet In the 
wells put down near Owens Eiver fine sand 
and clay in alternate layers are the only mate- 
rials penetrated to a depth of 300 feet, except 
at the north end of the Alabama Hills, where 
the proximity of the Pleistocene lake shore 
caused coarse gravels to be laid down between 
the finer beds.' A well at Lone Pine station, 
where the Inke beds are excellently exposed 
at the surface, has i-eached a depth of 800 feet, 
entirely in fine snnd.' 

The beach deposits .of the fresh-water Inke 
are preserved at a number of localities, esjie- 
cially in the vicinity of Swansea. An artificial 
cut at the old smelter site southeast of Swansea 
reveals a 10- foot section that is highly instruc- 
tive when considered in connection with the 
difficulty of distinguishing littoral phases of 
the late Cenozoic lake beds from alluvial-cone 
deposits. It displays the shore gravels of the 
beach formed when the lake level stood at 
approximately the 3^700-foot contour. The 
gravel, comprising different varieties of lime- 
stone and andesite porphyry, is well rounded, 
and in some of the beds, all of which are well 
shingled and horizontally stratified, it is ac- 
curately sorted; in others it is imperfectly 
sorted, but even in these the textural range is 
small. 

The following is a list of shells collected by 
Edwin Kirk on the north shore of Owens Lake, 
on old beaches about 20 feet above the present 
level of the lake. The shells were determined 
by Dr. Paul Bartsch, of the United States Xa- 
tional Museum: 

I'lnnorblx trivutvis Say. 

Ciirinlfex iiewberrj'l Lea. 

riij-sa am-lllnrla Say. 

Pliysa «iil)l)l Tryim. 

Srha^Huiii Mrintiiium I^mnnk. 

son. AND WISD-BLOWS SAND.' 

The level flcjoi- of Owens Valley west of the 
river is formed of silt and soil repn-senting in 
the main the finer detritus from the outwash 
slopes of the Sierra Nevada; the floor east of 
the river is largely formed of wind-blown 
sand. Areiis of similar mn'orial occur in Deep 
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Spring and Saline valleys, and certain areas in 
the summit region of the Sierra Nevada bear 
remnants of an alluvial soil that was deposited 
, ,. tbeiB prior to the 
development of the 
present topography. 
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THIAS9IC ANDESrrES 
ANn BHTOLrrES. 



Andesites form a 
belt extending along 
the west flank of the 
Inyo Mountains 
from the Union 
Wa^ to a point near 
the south end of the 
range. They com- 
prise a bedded aeries 
of lavas, breccias, 
and tuffs, but at 
most places thick 
flows of lava pre- 
dominate, so that as 
a rule it is difficult 
to ascertain the in- 
ternal structure of 
the volcanic seriea 

The volcanic belt 
is approximately 
10.000 feet wide east 
of Swansea. The 
beds dip steeply, the 
dip on the east side 
of the belt, where it 
is clearly determin- 
able, being 70° W. 
If the belt represents 
a closely compressed 
syncline, as indicated 
by the general struc- 
ture of the range, the 
probable tlucknesof 
the andesitic series is 
4,500 feet. (See Bg. 2.) This estimate is 
doubtless a minimum, for both ends of the 
measured section are fault i-oatacts, although 
the amount of faulting along them seems 
small. 
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The andesites are highly porphyritic, carry- 
ing numerous large crystals of plagioclase feld- 
spar. Under the microscope these phen<K;rysts 
prove to be oligoclase, and some chloritic 
pseudomorphs after hornblende and possibly 
after biotite become recognizable, but the pri- 
mary ferromagnesian minerals appear not to 
have been abundant. The andesites are more 
or less thoroughly altered and are consequently 
of some subdued color, such as grayish green 
or dull reddish. They are well exposed on the 
Cerro Gordo road, in thick, conspicuously por- 
phyritic sheets, which are reddish on weathered 
surfaces and bluish gray on freshly fractured 
surfaces. A roughly schistose or sheared struc- 
ture has been impressed on the volcanic rocks, 
especially on the tuffs and other pyroclastic 
beds. 

In some of the andesites exposed in the first 
canyon south of the Union Wash the plagio- 
clase phenocrysts are assembled in aggregates 
in which they are aligned in spiral or circular 
patterns. The groundmass of the areas in 
which the phenocrysts are thus curiously 
grouped is especially susceptible to "desert 
varnishing " and weathers black, thereby em- 
phasizing the peculiar. structure. 

The andesites have been invaded by granites 
in the area northwest of the Burgess mine by 
aplite in dikes and as a large mass east of 
Swansea (see fig. 2) and by diorite porphyry 
dikes at many localities. 

ALABAMA HILLS AND 8IE&BA NEVADA. 

Andesites, intnided by granite and aplite, 
make up the Alabama Hills. An is olate d out- 
crop of limestone occurs west of Lone Pine, 
but otherwise the range seems to be composed 
entirely of igneous rocks. The andesites are 
best shown at the north end of the range, 
where thev have been least affected bv con- 
tact metamorphism and pyritization. They 
display considerable diversity, ranging from 
sparsely porphyritic rocks to those crowded 
with plagioclase phenocrysts an inch across. 
Some disphiy flow streaking that suggests 
latites. 

Bhyolites are associated with the andesites 
at the northern end of the Alabama Hills. 
They also comprise several varieties, ranging 
from dark flow breccias, crowded with quartz 



and orthoclase crystals and fragments, to light- 
colored porphyries weathering pinkish and 
displaying well-marked flow banding and • 
streakiness. All are devoid of dark minerals. 
The volcanic rocks make up a large propor- 
tion of the roof pendants in the Sierra Nevada, 
notably of those on North Fork of Oak Creek, 
In these the rhyolites predominate, i*anging 
from massive rocks to white sericitic schists. 
They are associated with biotite schists, quartz- 
sericite schists, phyllites, and metamorphic 
limestone. They have been considerably al- 
tered by metamorphism induced by the intru- 
sive gi'anites — a feature that is particularly 
well shown by the belt of white rocks on Kear- 
sarge Peak, which at first glance seems to con- 
sist of aplites and other differentiation prod- 
ucts of the granites surrounding them but 
which proves to be largely composed of rhyo- 
lites that have been thoroughly recrystallized 
as a result of their invasion by the granite. 
The breccia structure of the pyroclastic mem- 
bers and the flow banding of other members 
have survived the metamorphism and demon- 
strate the rhyolitic origin of the assemblage. 

AOS. 

The andesitic series is probably of middle or 
late Triassic age. The evidence on which this 
determination is based was found on the ridge 
on the south side of Union Wash, in the Inyo 
Range, where the basal part of the volcanic 
series, consisting of andesitic breccias, inter- 
leaves with the underlying limestones of Mid- 
dle Triassic age. Moreover, angular frag- 
ments derived from these limestones are com- 
mon inclusions in the breccias. It is therefore 
certain that the andesitic series is younger than 
these limestones, and the most probable inter- 
pretation of the facts at hand is that Middle 
Triassic sedimentation in this locality was 
terminated by a great outburst of volcanic 
activity. 

FELBITE. 

Felsite dikes and sills were noted only in the 
southern part of the Inyo Range, more particu- 
larly on the lower slopes east of Swansea and 
Keeler. They are exceedingly fine grained 
rocks containing minute inconspicuous pheno- 
crysts of feldspar and resemble dense quartz- 
ite — a resemblance not diminished by the fact 
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that they generally lie parallel to the stratifi- 
cation of the inclosing rocks. Under the micro- 
scope they show small spoi*adic orthoclase 
phenocrysts embedded in an extremely fine- 
grained groundmass of quartz and orthoclase ; 
but they contain no ferromagnesian minerals. 

Some of the larger masses of felsite were 
slightly impregnated with pyrite, whose oxida- 
tion has tinted the outcrops a rusty orange. 
The time of these intrusions has not been estab- 
lished further 'than that they invade strata 
that are probably Carboniferous in age. 

CRETACEOUS GRANITIC ROCKS. 
GRAHITIC BOCKS OF THE ZKYO RANOE. 

DlSTRIUrTlON AXD rHARACTKR. 

Granitic roi'k.s occur in large volume in the 
Inyo Kange. In the northern ])art of the range 
they are exposed on the east side over extensive 
areas, but on the west flank they occur in small 
areas only — for example, in Kedding Canyon 
and east of Zurich. In the southern part of the 
range granite outcrops over half the surface on 
both sides of the range. The fact that granite 
underlies the remainder of the range at no 
great depth is shown by the occurrence of 
aplite intrusions at considerable distances from 
surface exposures of granite ; by the prevalence 
of diorite por])hyry dikes, many of which 
closely approach diorites in granularity; and 
by the occurrence of masses of garnet rocks, 
which are ascribable to the metamorphic effect 
of underlying granitic intrusions. 

The average gi'anitic rock is a quartz mon- 
zonite composed of plagioclase (andesine), 
orthoclase, quartz, hornblende, and biotite. 
This rock is the variety most widely prevalent. 
From this average variety the granitic rocks 
range on the one hand to varieties that may ap- 
propriately be termed granite (such as the 
mass east of Kearsarge, which is characterized 
by the prevalence of large porphyritic crystals 
of orthoclase), and on the other hand to quartz 
diorite, diorite, and hornblendite. The dark 
heavy hornblende-rich varieties are especially 
prevalent in Daisy Canyon (on the east flank 
of the range) and along the crest of the range 
northward from Xew York Butte. 

A partial analysis of a coarse-grained grani- 
toid collected in Deep Spring Valley by C. D. 



Walcott has been published by Turner,* who 
finds that it is composed of orthoclase, micro- 
dine, plagioclase, hornblende, titanite, apatite, 
and a little <]uai*tz, and designates it a horn- 
blende syenite. The high soda (4.62 per cent) 
and high lime (5.04: per cent) indicate, how- 
ever, that according to present usage it would 
l>e termed a monzonite. 



ORIGIN AND AGK. 



The intrusive character of the granites is made 
apparent most plainly by the extensive meta- 
morphism that they have induced in the inclos- 
ing sedimentary rocks. This effect is displayed 
most notably, perhaps, in the great belt of 
chiastolite hornfels formed by the recrystalli- 
zation of a belt of shale in the lower part of the 
Carboniferous section of Mazourka Canvon. 
This belt has a length of over 10 miles, extend- 
ing from the foothills southeast of Kearsarge 
to beyond Santa Rita Flat, and attains a width 
of over a mile at Barrel Springs. The chiasto- 
lite, which is easily recognizable by its charac- 
teristic carbonaceous crosses, is present across 
the entire width of the belt. On the east side 
it occurs as a multitude of small prisms, which 
give the rock the appearance of a porphyritic 
andesite ; toward the granitic contact the prisms 
become larger, the matrix in which they are 
embedded becomes increasingly granular, and 
locally tourmaline becomes associated with the 
chiastolite as another visible constituent of the 
hornfels. 

The age of the granitic intrusions, so far 
as determinable in the northern part of the 
Inyo Range (the White Mountains), is post- 
Cambrian and pre-Pliocene. In the southern 
part of the range the intrusions are clearly post- 
Triassic and are older than deposits of pre- 
sumably upper Miocene age. It is believed 
that all the intrusive masses are of essentially 
the same age, although this conjecture is not 
susceptible of proof, and that they were prob- 
ably intruded contemporaneously with those 
of the Sierra Nevada, which forms the oppo- 
site wall of Owens Valley. 

That in fact successive intrusions did take 
place in the southern Inyo Range was definitely 
determined southeast of Mount Whitney sta- 

^ Turner, IT. W., Farther contrltrationt to the feolosy 4if 
the Siorra Nevada : V. S. (leol. Survey Stfytntt e nth Ann. 
Kept., pt 1, pp. 726-727, 1896. 



IGNEOUS ROCKS. 



61 



tion, where a white granite, which is devoid 
of ferromagnesian minerals except rare flakes 
of biotit'e and is characterized by an abundance 
of subhedral quartz crystals, forms a promi- 
nent knob projecting into Owens Valley as a 
spur from the main range; and where a gray 
biotite-quartz monzonite forms the foothills of 
the main range. The two granitoids contrast 
strikingly. The white granite is the younger; 
it carries considerable plagioclase and is prob- 
ably a salic differentiate of the quartz mon- 
zonite magma that is genetically coordinate 
with aplite and was injected shortly after the 
main intrusive body. 

The granitic rocks of the Inyo Range gen- 
erally show no development of schistose or 
gneissose textures. One important exception, 
however, is afforded by the mass exposed at 
Squaw Flat. The normal rock in the heart of 
this mass is a quartz monzonite carrying large 
porphyritic crystals of orthoclase, but along 
its periphery, forming a belt perhaps an eighth 
of a mile wide, it has been converted into well- 
developed augen gneiss. Aplite dikes are com- 
mon along the contact and are roughly schistose. 
Along the southern contact the gneissic struc- 
ture dips 45° S., and along the northern contact 
30° NW., both under the sedimentary covering. 
The intrusive nature of the augen gneiss is 
suggested by the abundance of aplite dikes 
along the contact and is proved by the thermal 
metamorphism exerted upon the adjoining 
scdimeptary rocks, which are highly biotitio 
near the contact. 

No granii'es or granitic gneisses of pre- 
Cambrian age have been found in the Inyo 
Kange. In the Silver Peak quadrangle, which 
touches the Bishop quadrangle on the north- 
east, H. W. Turner,^ however, found a complex 
of granite gneiss, quartz monzonite gneiss, 
granite augen schists, and calcareous augen 
schists, which he believes are of pre-Cambrian 
origin. 

. OSAVITIC &OGKS OF THE SIE&RA NEVADA. 
GENKRAL FEATl'RES. 

Distribution and character. — (iranitic rocks 
form the main mass of the escarpment of the 
Sierra that faces Owens Valley. The great 
relief here — ^the greatest and most abrupt 

* Contrlbation to the geology of the Silver Peak quad- 
ran^e, Ney. : 6eol. Soc. America Bull., toI. 20. p. 230, 1010. 



relief along the whole east flank of the Sierra 
Nevada — and the deep incisions cut into the 
heart of the range by the eastward-flowing 
streams are features that together afford un^ 
rivaled sections of the rocks down to the core 
of the batholithic masses composing the 
range. On Lone Pine Creek, which heads 
imder Mount Whitnev, there is within a hori- 
zontal distance of 5 miles a descent of 8,000 
feet — from 14,501 feet on the summit of 
Mount Whitney to 6,500 feet at the apex of 
the alluvial piedmont slope. 

Quartz monzonite is the prevailing granitic 
rock. It comprises two important varieties — 
one of normal granitic habit and the other -con- 
staining large phenocrysts of orthoclase. These 
two varieties, notwithstanding their strong 
dissimilarity, are connected by gradual transi- 
tional phases, in xvhich the gradation from the 
eugranitic quartz monzonite to the porphyritic 
quartz monzonite is clearly traceable in the 
continuous change in the orthoclase, which 
passes from anhedral through subhedral to 
euhedral development. A highly siliceous 
granite of later age than the quartz monzonites 
forms large masses. 

There is also an extraordinary development of 
plutonic complexes of diorite and hornblende — 
rich rocks intersected by innumerable granitic 
and aplitic dikes. They are commonly associ- 
ated with roof pendants or detached masses of 
the invaded rocks. The plutonic complexes, be- 
cause of the strong contrast in black and white 
between the hornblendic rocks and the aplitic 
dikes, are easily distinguishable along the great 
escarpment from afar at many points in Owens 
Valley. West of Independence the dioritic 
rocks are cut by such a multiplicity of dikes 
of aplite that the entire escai7)ment, from 
the alluvial piedmont slope to the summit of 
the range, displays a persistent and prominent 
striping, easily visible from a distance of many 
miles. 

Weathering, — Most of the granitic rocks of 
the higher parts of the range are comparatively 
fresh chemically but are greatly disintegrated. 
Sand slopes and talus cones composed largely 
of fine granitic detritus extend as high as 1,500 
feet above the alluvial apron at the base of the 
range. In the lower foothills and in the Ala- 
bama Hills the granite has weathered into 
forms that are characteristic of arid climates, 
such as great spheroidal boulders perched 
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insecurely upon pedestals, striking woolsacks, 
and other fantastic forms. Moreover, it has 
taken on a rusty orange color, which is at 
places more or less variegated with black desert 
varnish. 

Crushing and foliation, — ^The fact that the 
eastern slope of the Sierra Nevada is a great 
fault zone led. reasonably to the expectation 
that the granitic rocks would show crushing 
or gneissic foliation or other evidence of the 
action of the powerful orogenic forces that were 
formerly active here, but although the bedrock 
is well exposed at many places little evidence 
of such action was obtained. Crushing was 
observed at only three localities — ^two along the 
front of the range (north of Thibaut Creek 
and south of the debouchure of Cotton- 
wood Canyon) and one on the upper course of 
Haiwee Creek, whose meridional trend of itself 
strongly suggests tectonic control. Though 
these crushed zones are several hundred feet 
wide, the writel: could not satisfy himself that 
much displacement has occurred along them. 

Jointing, — ^The granitic rocks are traversed 
by a number of systems of jointing, but these 
are not constant in strike and dip over the 
province as a whole nor are they equally 
strongly developed from place to place. Per- 
haps the most persistent and pronounced sys- 
tem of jointing is that observable near the 
mouth of Rawson Canyon, which is so well de- 
veloped and evenly parallel as to impart to the 
granite the appearance of a stratified rock. 
This jointing trends N. 40° E. and dips 65° NW. 
Two other systems, not so well marked, how- 
ever, traverse the rock, one striking N. 35® W. 
and standing vertical and the other striking 
N. 40° E. and dipping 25° SE. 

In some of the cirques of the higher parts of 
the range, as that south of Army Pass, there is 
a horizontal sheeting which is rather closely 
spaced near the surface but becomes progres- 
sively more widely spaced downward. On the 
whole, however, the distribution of the jointing 
systems along the east flank of the Sierra lends 
no decided support to the hypothesis that the 
jointing is due to the development in the gran- 
ite of an elastic tension arising from relief of 
load as the region undergoes erosion.^ 

* Lawson, A. C. Ooomorphogeny of the upper Kern basin ; 
California T'niv. IVpt. Geology Bull., vol. 3, No. 15, pp. 
302-304, 1004. 



Age, — In the part of the range that lies west 
of Big Pine the granitic rocks are intrusive in 
sedimentary rocks, which, according to Wal- 
cott, are of Cambrian age. In the Alabama 
Hills they invade a series of andesites and 
rhyolites, which, because of their similarity to 
the volcanic rocks on the east side of Owens 
Valley, are thought to be of late Triassic age. 

Isolated areas of similar rhyolites and re- 
lated pyroclastic equivalents occur throughout 
the region, but their age is not independently 
determinable. It is important to note, how- 
ever, that in the roof pendant at Mineral King, 
15 miles southwest of Mount WTiitney, rhyo- 
lite (quartz porphyry) as flows, breccias, and 
tuffs, as well as andesitic material, is inter- 
bedded in large quantities with the sedimen- 
tary rocks.^ This series, as determined from 
the fossils found in it by H. W. Turner,' is 
probably of Triassic age. 

The intrusion of the granitic rocks of the 
culminating portion of the range can not be 
fixed closer, therefore, than as having occurred 
at some time after the Middle Triassic. The 
time of intrusion of some of the batholithic 
masses on the western flank of the range has 
been determined more precisely, for it has been 
found that there the granites penetrate late 
Jurassic rocks and are overlain by marine 
strata of Upper Cretaceous age. 

BOOF PENDANTS IN THE SIEBBA NEVADA. 

Isolated masses of schist, quartzite, and lime- 
stone occur in the Sierra, especially in the 
higher parts of the range, and in deep cirques 
and canyons they project deep down into the 
intrusive granites. Similar remnants of the 
roof that once extended over a batholith have 
been aptly termed by Daly "roof pendants." 
The largest roof pendant in this part of the 
Sierra occurs between Middle and South forks 
of Bishop Creek. It is not only largest but it 
appears also to extend the deepest, projecting 
at least 2,500 feet downward into the granite. 
The remarkable attenuation of the northward 
extension of this roof pendant and its linear 
persistence despite its extreme narrowness are 

' Knopf, A., and Thelen, P., Sketch of the geology of Min- 
eral Klnff, Cal. : California Unly. Dept. Geology Bull.» rol. 4, 
pp. 242-254, 1905. 

* The rocks of the Sierra Nevada : TT. 8. Geol. Surrey Fonp- 
teenth Ann. Rept., pt. 2, p. 451, 1804. 
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very notable, and, this and like features else- 
where in the region lend strong support to 
Daly's contention that batholithic invasion is 
not accompanied by disturbance of the tectonic 
axes of the invaded rocks.* 

The rocks that compose the roof pendants 
have been metamoq^hosed by the intrusive 
granites to biotite schists, gametiferous and 
biotitic quartzites, lime-silicate rocks (most of 
them white, close-grained rocks, but some 
showing radial tremolite), marble, and hom- 
fels. At a few places, as at Rae Lake, there 
are small masses of stretched conglomerate 
whose matrix is biotitic. The roof pendants 
have not only been subjected to thermal 
metamorphism but have been extensively in- 
jected with granitic, aplitic, and pegmatitic 
dikes, and in places the schists have obviously 
been granitized. At Taboose Pass the schists 
are iniiltrated with stringers that run out from 
large siliceous granite dikes. The stringers 
are folded parallel to the contorted schistosity 
and doubtless exemplify what Sederholm^ calls 
ptygmatic folding, but this evidence of minor 
dynamic activity is believed not to invalidate 
the general evidence that the batholithic in- 
trusion occurred without major tectonic dis- 
turbance. 

The occurrence of the roof pendants m 
isolated areas, their thorough metamorphism, 
and their lack of fossils make their age con- 
jectural. They are thought to be mainly Tri- 
assic on account of the association of somewhat 
similar rocks with rhyolites that occur as 
remnants of the batholithic roof and that are 
with little doubt of Triassic age. However, 
the rocks of the roof pendants in the headwater 
region of Bishop and Big Pine creeks may 
possibly be of Cambrian age, for the small 
areas of limestones and sandstone lying west 
of the town of Big Pine, which are intruded 
by granite and aplite, have been determined 
to be Cambrian by C. D. Walcott.* 

The roof pendants furnish decisive evidence 
as to the original configuration of the upper 
surface of the batholithic masses, and the bear- 

^Daly, R. A., Igneoas rocks and their orifdn, p. 110, 1914. 

' Sederholm, J. J., Uebcr ptygmatische Faltungen : Neues 
Jabrb., Bcllage Band 36, p. 492. 1913. 

• Spurr, J. E., Descriptive geology of Nevada south of the 
fortieth parallel and adjacent portions cf California : U. S. 
Oeol. Suirey Ball. 208, p. 219, 1903. 



ing of this evidence on the geomorphic history 
of the region is presented on page 83. 

CABTOGRAPHIC REPBE8ENTATION. 

Four units are employed on Plates I and II 
(in pocket) to show the distribution of the 
siliceous granitic rocks that occur in this part 
of the Sierra Nevada — quartz monzonite^ 
porphyritic quartz monzonite, granite, and 
plutonic complexes. The porphyritic quartz 
monzonite and granite represent rocks of dis- 
tinctive characters and petrographic constancy 
and are essentially homogeneous units; but the 
quartz monzonite symbol, though it represents 
chiefly quartz monzonite of the eugranitic va- 
riety described below, includes also rocks rang- 
ing from quartz diorite to granite. The less 
siliceous rocks, comprising diorite and horn- 
blende gabbro, are shown by a single pattern. 
The plutonic complexes also are shown by a 
separate pattern. Owing to the exigencies of 
reconnaissance in a region of the extreme relief 
and ruggedness of the Sierra Nevada escarp- 
ment in the culminating portion of the range, 
the map must be regarded as a first approxima- 
tion only, showing in a broad way the distri- 
bution of the plutonic rocks that make up the 
great composite batholith. The boundaries 
drawn in the area of the Mount Whitney quad- 
rangle are believed to be entitled to most con- 
fidence, because the easier accessibility of this 
part of the region facilitated the mapping. 

QUARTZ M0NZ0NITE8. 

Eugranitic quartz monzonite. — Coarsely 
granular quartz monzonite occurs in large vol- 
ume along the east flank of the Sierra Nevada. 
The type specimen, of which a chemical an- 
alysis was made, was obtained on Lone Pine 
Creek at an altitude of 6,700 feet; but rock 
closelv similar, if in fact not identical, is found 
at Lake Sebrina, South Lake, Division Creek, 
Shephard Creek, and Muah Mountain. In 
other words, it occurs at numerous localities 
and in extensive masses along the whole length 
of the part of the range examined. 

The quartz monzonite is essentially an even- 
grained aggregate of plagioclase, orthoclase, 
quartz, biotite, and hornblende, and contains 
titanite in sporadic crystals. The grain is 
fairly coarse, ranging in the type specimen 
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from 5 to 10 millimeters. The biotite a«d horn- 
blende occur in roughly equal amounts and 
make up 15 per cent of the rock. They are in 
general closely associated and partly inter- 
grown; the hornblende is nearly anhedral but 
tlie biotite tends to form hexagonal plates. 
The orthoclase is somewhat pinkish and is 
pasilv discriminable from the white striated 
plagioclase. The two feldspars are present in 
obviously equal quantities, and the quartz- 
monzonitic character of the rock is therefore 
readily apparent megascopically. Under the 
microscope a few additional features appear. 
The fabric is hypidiomorphic granular, owing 
principally to the subhedral development of 
the plagioclase. The order in which the differ- 
ent minerals commenced to crystallize is not 

ft 

certainly determinable, but quartz was the last 
to finish crystallizing. It is notable that small 
crystals of hornblende inclosed in the plagi- 
oclase are sharply euhedral, but that otherwise 
the hornblende is anhedral. The plagioclase 
has the composition AbesAngg. The orthoclase 
has been in part converted to microcline, and 
a small quantity of the curious intergrowth 
termed "myrmccite" is found; both of these 
newly developed structures evidently point to 
slight pressure effects. Titanite, magnetite, 
apatite, and zircon comprise the accessory 
minerals. 

The chemical analysis ana mineral compo- 
sition of quartz monzonite from Lone Pine 
Creek is given below. In computing the min- 
eral composition the lime, after deduction of 
the amount necessary for titanite and apatite, 
was distributed between the hornblende and 
plagioclase so as to produce a plagioclase of 
the composition Ab^^An^o, as indicated by the 
microscopic diagnosis. 

Analyses of quartz monzonito from Lone Pine Creek, 

Cal. 

Chemical compotition. 

fR. C. Wells, analyst.! 



SiO. GC.G8 

A1,0, 15.12 

Fo.O, 1.G6 

FeO 2.49 

MrO 1.38 

OaO 4.09 

NnjO 2.23 

K=0 4.97 

lUf— .31 

Specific gravity, 2.715. 



ILO+ 0. .^>1 

TiOj _. _ .G4 

COx None. 

P2O. .21 

S Trace. 

MnO .01 

SrO ^ Trace. 



Mincrml eompasitlaii. 

Quartz 25. es 

Orthoclase ■ 25.58 

Plugioclase (Al>«»An«>) 31.13 

Biotite ^ 7.02. 

Hornblende 7.88 

Magnetite 1.39 

Titanite 1.18 

Apatite .31 



99. e? 



100.30 



Ferram^fnesian inel osures, — The dark in- 
closures rich in hornblende and biotite that are 
common in the gi'anitic areas of the Sierra 
Nevada have been noted by many geologists. 
Lawson^ estimates that they average 1 cubic 
foot to every 4 or 5 cubic yards of granite. 
It seems, however, to have escaped atten- 
tion that the ferromagnesian inclosures are 
practically restricted to the quartz monzo- 
nite and that their ubiquity and uniform dis- 
tribution is one of the salient characters of the 
nonporphyritic facies of this rock. They are 
acbsent or extraordinarily rare in the porphy- 
ritic quartz monzonite and in the orthoclase- 
albite granite, and they occur only sporadically 
in the quartz diorites and less siliceous rocks. 

The inclosures are, irregular in shape but are 
generally rudely ovoid, distinctly angular forms 
being nowhere seen. Their average diameter is 
perhaps 6 inches, though some as large as 2^ 
feet in diameter have oeen noted. In places 
where they are particularly abundant there is 
as much as 1 cubic foot of inclusion to 1 cubic 
yard of quartz monzonite. The relative abun- 
dance of the inclosures seems not to be deter- 
mined by their proximity to intrusive contacts, 
either of other granitoids or of the schist roof 
pendants; they are particularly abundant, for 
instance, at the mouth of the canvon of Lone 
Pine Creek, which is remote from any contact 

Most of the inclosures show an obscure por- 
phyritic texture, which is due to the presence 
of sul)hedral crystals of plagioclase. Further, 
their relative richness in titanite is noteworthy, 
some of them being studded with numerous 
crystals of titanite large enough to constitute 
small phenocrysts. The inclosures are finer 
grained than the rock inclosing them. ITie 
contact between inclosure and host is abrupt, 
irregular, and interlocking, indicating either 

* LawBon, A. C, CaUforDia Univ. Dept. Geology Boll., vol. 
3, p. 295, 1904. 
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simultaneous crystallization of both or solvent 
action of magma on exotic fragments. Under 
the microscope the inclosures are found to con- 
sist essentially of hornblende, biotite, and an- 
desine ; in some the hornblende surrounds cores 
of augite. Titanite is abnormally abundant, 
as is occasionally also apatite. The titanite 
not uncommonly incloses small crystals of 
andesine. Magnetite and zircon comprise the 
remaining accessory minerals but are not espe- 
cially abundant. 

The quartz monzonite inclosing the ferro- 
magnesian clots is composed, as already men- 
tioned, of andesine, orthoclase, quartz, biotite, 
and hornblende and the common accessory 
minerals. Orthoclase and quartz are not 
found in the inclosures, but the other min- 
erals are. This suggests that the inclosures 
are segregations of the earlier crystallizing 
minerals of the quartz monzonite magma, 
and that this segre- 
gation was accom- 
plished essentially 
in place seems in- 
dicated by the fact 
that some of the 
inclusions are sur- 
rounded by a white 
border consisting of 
quartz monzonite 
completely devoid 
of dark minerals. 

Some features noted — for example, a swirl 
structure seen in the quartz monzonite at the 
head of South Fork of Kings River — seem to 
be related in origin to the ferromagnesian in- 
closures. Here, on the glaciated floor of the 
valley, a ferromagnesian band 6 inches wide, 
with blurred margins, describes nearly a half 
ellipse (fig, 3), whose largest diameter is 12 
feet. It consists, as seen under the microscope, 
of hornblende, biotite, and plagioclase, sub- 
ordinate quartz and orthoclase, and relatively 
abundant accessory titanite, magnetite, apa- 
tite, and zircon. At each end the band frays 
out in streamers. Other similar bands, but 
only three- fourths of an inch wide, parallel the 
main band at intervals of 4 to 6 inches. The 
inclosing rock is quite normal quartz monzo- 
nite, far removed from any contact. 

Porphyritic quartz monzonite, — The por- 
phyritic quartz monzonite occupies a large 
10945*— 18 ^5 




10 Feet 



FiGUiiB 3. — Swirl structure in quartz monzonite, South Fork of 

Kings River, CaL 



area in the culminating portion of the range, 
extending from Junction Peak on the north to 
near Muah Moimtain on the south. Its west- 
ern boundary was not determined. As exposed 
on Lone Pine Creek, it is at least 6,000 feet 
thick. It is remarkably constant in texture 
and mineral composition and is in fact the 
largest body of homogeneous granitic rock in 
this part of the Sierra. From Mount Whitney 
southward to Cirque Peak it is invaded, how- 
ever, by dikes and large masses of aplite; and 
the broad summit of Mount Whitney is itself 
composed of nearly equal amounts of aplite 
and porphyritic quartz monzonite. 

The crystals of orthoclase that at some places 
give the quartz monzonite its porphyritic ap- 
pearance are ordinarily scattered uniformly 
throughout the rock, averaging perhaps one to 
the ordinary hand specimen, though at a few 
places, as locally on Diamond Mesa, where this 

feature was princi- 
pally noted, they are 
so closely aggregated 
as to form half the 
rock. They are com- 
monly somewhat 
pinkish and in shape 
are thickly tabular; 
their maximum 
length is 3 inches, 
but their average 
length is probably 1^ 
inches. The idiomorphism of the crystals is 
fairly good, though the faces are rough and 
uneven, owing to indentation by the other com- 
ponents of the quartz monzonite. In places the 
orthoclase is obviously perthitic. Inclusions of 
hornblende, biotite, and titanite are notably 
abundant and as a rule lie in random orienta- 
tion throughout the orthoclase. A zonal ar- 
rangement of the inclosed minerals is un- 
common. 

The matrix in which the orthoclase pheno- 
crysts are embedded is a coarsely granular as- 
semblage of plagioclase, quartz, orthoclase, 
biotite, and hornblende, named in descending 
order of abundance. The plagioclase, as seen 
under the microscope, dominates strongly over 
the orthoclase ; it is a zoned oligoclase ranging 
from Ab^oAnjo on the cores of the crystals to 
AbgaAuiT on the outermost zones, Orthoclase 
is a very subordinate constituent. Quartz, 
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fairly abundant, lies interstitially between the 
idiomorphic plagioclase but is subhedral to- 
ward the orthoclase. Biotite is present in 
moderate amount and hornblende in lesser 
quantity. Magnetite, titanite, apatite, and zir- 
con occur as accessory minerals. Under the 
microscope the orthoclase phenocrysts are 
found to be notably microperthitiow In addi- 
tion to the inclusions of hornblende, biotite, 
and titanite, which are visible to the unaided 
eye, they contain plagioclase, quartz (which 
is partly idiomorphic and itself holds inclu- 
sions of titanite and apatite), magnetite, apa- 
tite, and zircon — in short, all the minerals 
of the fully crystallized rock. This shows that 
the orthoclase began to crystallize after all the 
other constituents had begun to grow ; and its 
porphyritic development thierefore seems ref- 
erable to a superior velocity of crystallization 
and a superior power of attracting the crys- 
taUizing molecules to a few centers of 
crystallization. 

A chemical analysis of the porphyritic 
quartz monzonite from Diamond Mesa and its 
computed mineral composition are given on 
p^ges 66-67. 

The homogeneity of the great mass of 
porphyritic quartz monzonite, so apparent 
to the unaided eye, has been verified by the 
examination of thin sections cut from speci- 
mens obtained at widely separated localities, 
such as Diaz Creek and Army Pass. Under 
the microscope they show features identical 
with those of the Diamond Mesa rock. The 
plagioclase feldspar is similar and averages 
near Ab^sAngs. 

Interreldtion of eugrardtic and porphyritic 
quartz monzonite, — The relation of the normal 
quartz monzonite to the porphyritic variety is 
excellently displayed in the walls on the north 
side of Lone Pine Creek. The relation shown 
here proves clearly that the two varieties grade 
into each other. In the transition zone, which 
is a few hundred feet wide, the passage from 
porphyritic to eugranitic quartz monzonite is 
readily traceable in the progressive series of 
changes exhibited by the orthoclase. The 
phenocrysts of orthoclase become smaller and 
the crystal form becomes more and more ob- 
scure and finally inconspicuous. Concomi- 
tantly the biotite, and especially the horn- 



blende, becomes more abundant, and wherever 
the rock has assumed the normal appearance of 
the eugranitic quartz monzonite it contains nu- 
merous characteristic ferromagnesian inclo- 
sures. A specimen that was taken from the 
transition zone, in megascopic appearance 
nearer the eugranitic than the porphyritic va- 
riety, shows its intermediate character under 
the microscope chiefly in the composition of 
the plagioclase, which is Ab^^Anao, and is ac- 
cordingly nearer in composition to that of the 
feldspar in the porphyritic quartz monzonite 
(AbTjAnj^y than to that in the eugranitic 
quartz monzonite (AbeoAn^). Megascopically 
this transitional rock resembles the eugranitic 
quartz monzonite; microscopically it resem- 
bles the porphyritic quartz monzonite. 

The gradation observable on Lone Pine 
Creek is suggested at other localities. How- 
ever, on Cottonwood Creek, wh^re the expo- 
sures are excellent, the relations are ambigu- 
ous ; there is no gradation between the two va- 
rieties and no evidence of chilling of one 
against the other nor other evidence of intru- 
sion of one into the other; in fact, the phe- 
nomena point to contemporaneity of origin of 
the two rocks. 

The chemical and mineral composition of 
the two varieties of quartz monzonite are con* 
trasted in the following tables : 

Analyses of quartz monzonite from the Sierra Nevada, 

Inyo County y Cat. 

Chemical compocition. 

[R. C. Wells, analyst.] 



SiOj.. 

AI2O3. 

FejOa. 

FeO.. 

MgO. 

CaO.. 

NaaO. 

K2O.. 

H2O- 

H2O4- 
TiOj. 
CO2.. 
PA. 

S 

MnO. 
SrO... 



100.30 



66.68 


69.01 


15.12 


15.44 


1.66 


1.28 


2.49 


1.28 


1.38 


.62 


4.09 


2.54 


2.23 


3.85 


4.97 


4.52 


.31 


.33 


.51 


.56 


.64 


.49 


None. 


Trace. 


.21 


.24 


Trace. 


Trace. 


.01 


.01 


Trace. 


Trace. 



100.17 



f. 
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Analyses of quartz monzonitc from the Sierra Nevada, 
Inyo County, Cal. — Continued. 

Mln«rml eompasitloii. 



Quartz 

Orthoclase 

Albite(mol.)... 
Anorthite (mol.) 

Biotite 

Hornblende 

Magnetite 

Titanite 

Apatite 



25.68 


24.66 


25.58 


23.35 


18.34 


32.49 


12.79 


10.56 


7.02 


5.76 


7.33 




1.39 


i.39 


1.18 


.80 


.31 


.31 



99.67 



99.32 



1. Lone Pine Creelt, altitude 6J00 feet. Specific 
gravity of the hand specimen, 2.715. 

2. Diamond Mesa, altitude 13.000 feet. Specific 
gravity of the hand specimen. 2.664. 

From these tabulations some interesting rela- 
tions become apparent. First comes that aris- 
ing from a consideration of the specific grav- 
ities: the rock occupying the higher portion of 
the range — the porphyritic quartz monzonite — 
is the lighter. The smaller specific gravity of 
this rock is clearly due in the main to its de- 
ficiency in ferromagnesian minerals. .Even 
more noteworthy is the fact that the porphy- 
ritic quartz monzonite, although characterized 
by conspicuous phenocrysts of orthoclase, is 
not richer in orthoclase than the nonporphy- 
ritic quartz monzonite. This would seem to 
render improbable the suggestion that the por- 
phyritic habit had been brought about during 
the cooling of the magma by orthoclase crystals, 
which had crystallized out early, rising to the 
upper portions of the batholithic chamber be- 
cause of their inferior densitv. The fact that 
the orthoclase contains as inclusions all the 
minerals occurring in the completely consoli- 
dated rock also militates against the flotation 
hypothesis. Instead of having crystallized 
very early, the orthoclase phenocrysts crystal- 
lized relatively late, at a stage in which the 
buoyancy would probably be small, owing to 
the rapidly increasing viscosity of the magma. 
Further, the upper-lying rock is notably richer 
in albite, instead of in orthoclase, as would be 
demanded by the flotation hypothesis. If, how- 
ever, the differentiation did take place by the 
rising of the fluid molecules under the influ- 
ence of gravity, it is possible that the fluid 
molecules of albite, being probably lighter than 



those of orthoclase (as indicated by the em- 
pirical molecular ^veights, 263 for albite and 
279 for orthoclase) tended to rise within the 
magma, thus bringing about part of the ob- 
served differences between the two rocks. On 
the other hand, the deficiency of the upper 
rock in hornblende may conceivably be due 
to the settling out of this constituent during 
crystallization. 

In recapitulation, then, the hypsometric dis- 
tribution of the two quartz monzonites appears 
to support the explanation that they are grav- 
ity differentiates of a single magma. The up- 
per rock, which is characterized by a con- 
spicuously porphyritic development of its or- 
thoclase, does not, however, contain a larger 
amount of orthoclase than the lower rock. 
This feature, as well as the fact that the ortho- 
clase phenocrysts inclose small crystals of all 
the other constituents of their matrix, indicates 
that the rising of orthoclase crystals to the 
upper levels of the magmatic chamber was not 
a factor in the gravity differentiation. The 
cause of the porphyritic development of the 
orthoclase remains unknown but may have 
been a locally increased concentration of the 
volatile fluxes, which tend to accumulate in 
the higher parts of the batholith. Finally, it 
should be pointed out that if the two quartz 
monzonites are really gravity differentiates of 
a primary magma their contact should lie 
horizontal. The boundary between them, if 
mapped in detail along the east flank of the 
Sierra, should furnish decisive evidence; but, 
owing to the exigencies of reconnaissance sur- 
vey, such careful mapping was not attempted. 

At Muah Mountain evidence was obtained, 
on the other hand, that seems to argue against 
the hypothesis of gravity differentiation. The 
mountain, which rises rather abruptly just be- 
yond the southern border of the porphyritic 
monzonite, consists wholly of normally granu- 
lar quartz monzonite, no porphyritic rock ap- 
pearing above. Although this evidence appears 
somewhat discrepant with the broad features 
of the distribution of the two quartz monzo- 
nites, it should not of itself be allowed to 
invalidate the strong argument for their gravity 
ditferentiation. 



GRANITE. 



General features.- — Extensive areas of a 
coarse light-colored granite, nearly devoid of 
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dark minerals, occur throughout the part of 
the Sierra Nevada contiguous to Owens Valley. 
Typical exposures are those at the Kearsarge 
Pinnacles, at Fin Dome, west of Eae Lake, 
and at Eawson Canyon, southwest of Bishop. 
The granite of these areas is homogeneous in 
composition and texture and on the whole is 
easily mappable. It is practically barren of 
the ferromagnesian inclosures that are com- 
mon in the quartz monzonite. In weathering 
it tends to assume a. light orange tint. 

The granite is clearly younger than the 
quartz monzonites- This is shown at the head 
of Shepard Creek, where it sends dikes into 
the porphyritic quartz monzonite, and near 
Kearsarge Peak, where it intrudes the eugra- 
nitic quartz monzonite. In certain parts of the 
range, as on Bishop and Baker creeks, there are 
large bodies of granite that both in hand speci- 
mens and in thin sections seen under the mi- 
croscope, show characters intermediate between 
the coarse white granite an^i the quartz mon- 
zonite. These suggest transition between these 
two rocks and were so interpreted in the early 
part of the field season of the present investi- 
gation, but more detailed study will doubtless 
show that the seemingly intermediate granites 
are either separate intrusives or are facies of 
the white granite, 

The typical granite is essentially a coarse 
aggregate of alkali feldspar and quartz, its 
only dark mineral being biotite, which gener- 
ally constitutes about 1 per cent of the rock 
but in places may form 5 per cent. To signal- 
ize these features the rock might well be called 
alaskite. 

A slight departure from the prevailing min- 
eral make-up of the granite manifests itself 
on Red Mountain and Taboose creeks mainly 
by the sporadic occurrence of black garnet in 
anhedral grains which range from nearly im- 
perceptible particles up to 0.4 inch in diameter. 
The quartz also differs slightly from that of 
the prevailing granite in that it has a faint 
bluish tint. 

Petrogra'phy, — The granite from widely 
separated localities proves under the micro- 
scope to be remarkably uniform in texture and 
composition, confirming the impression of 
petrogi'aphic constancy made by the field evi- 
dence. The feldspars are found to consist of 
orthoclase and microcline, which are notably 



microperthitic, and of albite having the com- 
position AbgoAuio- The total potassium feld- 
spar equals the albite in amount ; all the feld- 
spars are essentially anhedral. Quartz is 
prominent in subhedral grains. Biotite is a 
minor constituent ; and titanite, magnetite, and 
apatite are accessory minerals. In mineral 
composition this granite is practically identical 
with the aplite from the summit of Mount 
TVTiitney (see p. 71) but differs markedly from 
it in fabric and granularity. 

A specimen of the granite, which is believed 
to be typical of large areas of this rock, was 
collected on Rawson Creek at an altitude of 
6,000 feet and was subjected to partial chemi- 
cal analysis, with the following result : 

Partial analyses of granite from Rawson Creek, Col, 

Chemical composition. 

[R. C. WollR, analyst.! 



SiO, 76. 28 

CaO .47 

Specific gravity, 2.615. 



Na,0 4. 72 

K,0 4. 73 



Mineral composition. 

Quartz 29. 76 

Orthoclase 27. 24 

Albite (mol.) 89.82 

Anorthlte (mol.) 2.50 

Biotite (estimated) 1.00 



100.32 



Rocks of this kind are called by Iddings 
soda-potash granites, but it seems preferable 
to call this rock an orthoclase-albite granite. 

If the amounts of anorthite and albite ob- 
tained in the computation are combined as 
plagioclase, 42.32 per cent of Abj^^Anj is ob- 
tained; this, however, is a slightly more sodic 
plagioclase than is shown by the microscope 
to be present. The explanation of this dis- 
crepancy is mainly that the microperthitic 
intergrowths in the orthoclase are composed of 
essentially pure albite and that the plagioclase 
which crystallized independently is thus rela- 
tively enriched in anorthite. 

An interesting feature of the mineral compo- 
sition of this granite is that the proportion of 
quartz to orthoclase to albite — ^29.76:27.24: 
42.32 — coincides closely with that computed by 
Vogt^ for the ternary eutectic between these 

^ Vogt, J. H. L., Phynikaliscfae-chemlBche Oesetse dcr Krys- 
tallisationsfolge in Eroptivgesteinen : Min. pet. Mitt., vol. 25, 
p. 387, 1906. 
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three minerals, namely, 27.5:30.5:42. The 
granite accordingly falls into the group of 
rocks termed by him anchi-eutectic. So nearly 
complete an attainment of the ternary eutectic 
would seem to imply that the granite has been 
derived by differentiation from a parent 
magma that was probably richer in ferromag- 
nesian minerals. A differentiation thus con- 
trolled by the physical-chemical laws of eutec- 
tics would therefore have been effected by the 
separation in the solid phase of the constitu- 
ents in excess of the eutectic ratio. These con- 
stituents doubtless collected to form rocks rich 
in ferromagnesian minerals, and in this way it 
is probable some of the diorites and gabbros 
so common in the region originated. 

Comparison of the chemical analysis of the 
orthoclase-albite granite with the other analy- 
ses of Sierra Nevada granites listed by Clarke * 
shows this granite to be higher in silica and 
lower in lime than any other that has as large 
a total content of alkalies cwnprising equal 
amounts of soda and potash. Lindgren* de- 
scribed and mapped an evidently similar gran- 
ite in the Colfax quadrangle, which he desig- 
nated a soda granite. No chemical analysis, 
however, was made of it. It is likely that as 
the rapge becomes better known petrographi- 
cally more areas of this highly alkalic granite 
will be recognized. 

DIORITE AND HORNBLENDE GABBBO. 

Occurrence and character. — Diorite occurs in 
the headwater region of Big Pine Creek, where 
it seems to form a rather homogeneous mass. 
At other localities, however, it displays a con- 
siderable variety of differentiation facies, 
chiefly hornblende-rich rocks, and these have 
all been mapped under one symbol (dg in 
•PI. I). It is not improbable that genetically 
distinct rocks may have been grouped together; 
that is, differentiation facies of the diorite may 
have been grouped with basic intrusive rocks 
that preceded or succeeded the diorite. The 
range in composition extends from quartz dio- 
rite rich in hornblende and biotite, as on the 
lower part of the canyon of Red Mountain Creek, 

* Clarke, P. W., Analyses of rocks and minerals from the 
laboratory of the U. 8. Geol. Survey, 1880 to 1908: U. S. 
Geol. Survey Bull. 419, pp. 144-160, 1910 ; also in Bull. 591, 
pp. 176-191. 

*Lind^en, Waldemar, U. 8. Geol. Survey Geol. Atlas, 
Colfax foUo (No. 66). p. 4, 1900. 



to rocks composed predominantly of horn- 
blende. This range in mineral composition is 
in no wise related to differences in altitude in 
the occurrence of the different facies along the 
eastern escarpment of the Sierra Nevada — that 
is, the magmatic differentiation which orig- 
inated the facies appears not to have been in- 
fluenced by gravitation. 

The diorite at the head of Big Pine Creek, 
forming the Inconsolable Range, is a mod- 
erately coarse, gray variety which is charac- 
terized by the presence of biotite and augite. 
Under the microscope it is found to consist 
essentially of andesine (Ab^o-A^J^io)^ biotite, 
and augite; quartz occurs to the extent of about 
5 per cent, and orthoclase and hornblende are 
minor constituents. Magnetite, titanite, and 
apatite are the accessory minerals. 

The diorite from the plutonic complex west 
of Mount Rixford is a medium-grained dark 
rock distinguished by innumerable slender 
prisms of hornblende. Microscopically it is 
found to be composed of equal quantities of 
andesine (AbeoAn4o) and hornblende. Titanite 
is remarkably abundant, perhaps amounting 
to several per cent, and is molded on idiomor- 
phic plagioclase and hornblende. Pyrrhotite, 
which is visible to the unaided eye as minute 
grains scattered evenly throughout the rock, 
is an important accessory mineral. Some of 
the grains are rimmed with magnetite, and it 
is clearly a pyrogenetic constituent of the 
diorite. Magnetite occurs also as a normal 
accessory mineral, and apatite occurs in minor 
amount. 

A peculiar member of the diorite series is a 
hornblende-rich variety characterized by the 
luster mottling of its hornblende. Commonly, 
the hornblende individuals are large, many of 
them several inches in diameter, and produce 
a rock of extraordinarily coarse texture. These 
rocks are practically hornblende gabbros. 
They occur sporadically throughout the range, 
both along its foot and along the summit, in 
masses which, although in places attaining 
notable dimensions, are quantitatively insig- 
nificant compared to the enormous bodies of 
albite-orthoclase granite and quartz monzonite. 

In a typical mass of the hornblende gabbro, 
which is well exposed in the hill just south 
of the forest ranger's statiom at McMurry 
Meadow, the hornblende forms ragged patches 
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an inch or more in diameter that poikilitically 
inclose phigioclase feldspar, and to this feature 
the rock owes its luster-mottled appearance. 
Kxtremely coarse phases of the same kind of 
ix)ck occur near Kearsarge Peak. The summit 
of Deer Mountain in the Olancha quadrangle 
appears from a short distance to be capped by 
a basalt flow but is really capped by a richly 
hornblendic gabbro, of variable petrographic 
character, that shows the characteristic patchy 
poikilitic hornblende. Below it is a large mass 
of aplit'e — possibly a somewhat anomalous po- 
sition if both rocks are differentiates of a 
common magma; and to the west of the moun- 
tain is an orthoclase-rich quartz monzonite in 
which the orthoclase tends to assume a por- 
phyritic habit. Under the microscope the gab- 
bro of Deer Mountain is seen t'o be composed 
essentially of augite and hornblende, more or 
less intimately intergrown, and of labradorite 
(AbjsAi^s). The feldspar is generally in- 
closed poikilitically in the augite or horn- 
blende; where thus inclosed it is partly idio- 
morphic, but as a rule has smoothly rounded 
edges; where it adjoins other feldspar it is 
anhedral. Pyrrhotite is a minor magmatic 
const'ituent ; and magnetite in lesser amount is 
the remaining accessory mineral. 

Relation to other plutonic rocks, — The dio- 
rites and hornblende gabbro seem more closely 
associated areally with the albite-orthoclase 
granite than with the quartz monzonites. It 
i.s not improbable that they represent the com- 
plementary differentiates of a common magma ; 
in fac-t, that the poverty of the granite in ferro- 
m2Lfnu*M2Ln minerals is the result of their segre- 
gation into the diorites and gabbro. The evi- 
iifut-i', a.H to fhe contact relations with the gran- 
ite are fi^imewhat conflicting. At the Big Pine 
Laketi the augite-biotite diorite in proximity 
Vt tlie granite displays notable variability. 
Ifomblende in.stead of biotite is common. The 
diorite iM patchy, streaky, and contains segre- 
^atioHH, f^nuQ of w^hich consist almost wholly 
of hornblende, others of hornblende and feld- 
>t|mr In places the hornblende forms large 
]rtiU'htrH which poikilitically inclose small feld- 
nf/ar crystals. The granite, however, maintains 
lU jfidrfff^rtiphic uniformity in the contact 
Zfan*,, Similar features are observable on the 
h#ffiid waters of Baker Creek, where the actual 
i'jmini't in exponed. Tlie hornblendic f acies be- 



come more siliceous and finer grained toward 
the contact, but the granite maintains its coarse 
texture and mineral composition. At the con- 
tact the two rocks are welded. Because of the 
great variation in the diorite toward the con- 
tact and the lack of variation of the granite 
the diorite appears to be the younger, intrusive 
mass. 

At other localities, as at Mount Gould and 
Mount Rixf ord, the granite is filled with angu- 
lar inclusions of coarse, richly hornblendic 
phases of the diorite, and this complex is cut 
by aplite and pegmatite dikes. Here, then, the 
sequence of intrusion seems to be reversed. 
Again, on North Fork of Big Pine Creek, 
where a complex of dark-gray diorite and 
highly siliceous white granite is exposed, the 
granite in some places cuts the diorite and in 
others the diorite intrudes the granite. The 
phenomena suggest that the heart of the differ- 
entiation zone is here disclosed, where differen- 
tiation was followed by moveipent of the dif- 
ferentiated and partly consolidated sub- 
magmas, causing fracturing and reciprocal 
intrusion. 

In the dioritic belt extending northwestward 
from Kearsarge Peak the evidence shows that 
the diorite is not only older than the granite 
but is also older than the quartz monzonite. 
Rounded inclusions of the diorite, with blended 
contacts, are contained in the quartz monzonite. 

The evidence concerning the sequence of the 
diorite, quartz monzonite, and granite, ob- 
tained from different parts of the province, 
is accordingly quite conflicting. The most 
probable explanation of this conflict of evi- 
dence is that different diorite and gabbro 
masses represent genetically different intru- 
sions, some distinct in point of time and others 
that have differentiated essentially in place, 
some from the granite magma and others from 
the quartz monzonite magma. 

PLUTONIC CO^iPLEXES. 

The granitic rocks of large areas in this part 
of the Sierra Nevada are best described as 
plutonic complexes, in the sense in which that 
term is employed by Harker,* and they are so 
designated on the geologic maps (Pis. I and 
IT). They consist of an intricate assemblage 

1 Harker, Alfred, The Datural history of Igneoas rocks, pp. 
126-132, 1909. 
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of homDlende gabbro, quartz diorite, porphy- 
ritic and nonporphyritic quartz monzonite, 
granite, aplite, and diorite porphyry dikes of 
lamprophyric affinities. The intrusive sequence 
is difficult to unravel, and complications are 
introduced by real or apparent gradations be- 
tween diflferent members of the series and by 
the production of hybrid varieties. Further, 
at many localities the complications are en- 
hanced by the inclosure in the plutonic rocks 
of multitudes of schist fragments of both sedi- 
mentary and volcanic origin that are derived 
from shattered and dispersed roof pendants. 
In places the inclusions have been greatly 
modified by the imbibition of granitic matter 
or by the solvent action of the surrounding 
magma. In this way rock masses of extreme 
heterogeneity were produced. 

The plutonic complexes occur most exten- 
sively from Olancha Peak to Haiwee Pass and 
southward along the range. The poikilitic 
hornblende gabbro is conmion, as at Round 
Mountain, Deer Mountain (p. 70), and south 
of Haiwee Pass. The dark gabbro, ramified 
by intrusions of light-colored quartz monzonite 
and aplite, forms a plutonic breccia on a vast 
scale and is a notable feature of the Sierra 
escarpment near the south end of Owens Lake. 
(See PL XI, C.) At other localities, as 
on the lower part of Cottonwood Creek, plu- 
tonic complexes occur, but in general they do 
not show so full a succession of intrusive rocks 
and are not so extensive as in the region south 
of Olancha Peak. In some of the smaller areas 
of plutonic complexes quartz monzonite pre- 
dominates, and owing to the haste of recon- 
naissance work these areas have been mapped 
under that symbol. 



MINOB INTRUSIONS. 



Aplite. — ^Aplite is common, especially as 
dikes in the plutonic complexes, where their 
extraordinary multiplicity gives to the Sierra 
Nevada escarpment in many places a striped 
appearance. As larger masses, aplite invades 
the porphyritic quartz monzonite and occurs 
in considerable abundance along the crest of 
the range from Mount Whitney southward to 
Cirque Peak. The broad summit of Mount 
Whitney is composed of equal amounts of 
aplite and quartz monzonite. 



The aplite is a fine-grained white rock car- 
rying 1 or 2 per cent of biotite; its texture 
is typically panidiomorphic. A specimen from 
the top of Mount Whitney shows under 
the microscope that it is essentially an aggre- 
gate of feldspar and quartz. The feldspar con- 
sists of nearly equal parts of orthoclase and 
albite near AbgoAujo, the orthoclase slightly 
exceeding the albite. Biotite, magnetite, apa- 
tite, titanite, and zircon comprise the remain- 
ing constituents. Near Cirque Peak the aplite 
is notably miarolitic. The cavities are sur- 
rounded by patches, many of them as much as 
6 inches in diameter, of quartz and orthoclase 
that are much coarser grained than the sur- 
rounding normal aplite — ^they are in fact 
pegmatitic. 

Aplite dikes cut all the plutonic rocks of the 
region. They are not conmion in the ortho- 
clase-albite granite but are abundant in the 
other types, though by no means equally so in 
all parts of the region. They are notably nu- 
merous in all the masses of the poikilitic horn- 
blende gabbro. 

Pegmatite. — Pegmatite dikes are quantita- 
tively far subordinate to the aplite dikes, al- 
though locally they are abundant. They seem 
to occur most commonly in or near the schist 
roof pendants, as, for example, at Cardinal 
Lake and Taboose Pass, where the schist and 
diorite are cut by hundreds of pegmatite and 
aplite dikes. The thickest measure about 20 
feet, and most of them dip less than 30°. This 
extensive injection persists southward to 
Striped Mountain, whose name is obviously 
due to its remarkably conspicuous striping by 
a multitude of white dikes. The pegmatites 
consists of graphic intergrowth, feldspar, 
quartz, and long thin blades of biotite ; a few 
carry a little tourmaline. 

Diorite porphyry. — Dikes of lamprophyric 
affinity, thougji hardly rich enough in horn- 
blende and biotite to be classified as true 1am- 
prophyres, attain some local prominence but 
they are vastly surpassed by the aplites in num- 
ber and volume. At Taboose Pass dikes of this 
kind are common in both the orthoclase-albite 
granite and the schists of the roof pendant. 
They cut the aplite and pegmatite dikes. Un- 
der the microscope they show phenocrysts of 
andesine in a finely granular groundmass of 
feldspar, quartz, biotite, and hornblende and 
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an abundancer of ferromagnesian minerals to. 
which they awe their prevailing dark color. 
They may accordingly be called diorite por- 
phyry. These dikes are persistent, and some 
attain a thickness of 15 feet. Eastward, away 
from the contact of the granite and schist, they 
disappear. 

On South Fork of Big Pine Creek, the sili- 
ceous granite is ramified by a multitude of 
these dikes, which are in many plaices broken 
and even separated. The fragments are angular 
or taper to points. At one place numerous par- 
allel dikes are traceable for hundreds of feet 
and are clearly intrusive into the granite, as 
they show chilled margins against the granite. 
They appear to have been sheared and broken 
while the granite was still viscous enough to 
flow and then freeze without distinct evidence 
of its flowage. These observations may throw 
light on the origin of the peculiar belts of in- 
clusions described by Gilbert * as occurring in 
the Kings River country of the Sierra Nevada. 

SEQUENCE OF INTRUSIONS. 

The sequence of intrusions, already discussed 
separately for the different granitic rocks, 
is, as a rule, in the order of increasing silicity. 
The hornblendic gabbros and diorites are in 
general oldest, and were followed by the 
quartz monzonite, and this by the orthoclase- 
albite granite. The evidence as to the rela- 
tion of the more basic rocks to the others is 
somewhat contradictory, but that as to the in- 
terrelations of the more siliceous rocks is 
wholly consistent and proves that the granite 
is younger than the quartz monzonites. 

Somewhat farther north along the crest of 
the range Lindgren* found a like conflict of 
evidence regarding the succession of granitic 
rocks. He concluded that the irruption of the 
granite and of the granodiorite was probably 
accompanied by minor intrusions of diorite, 
pegpiatite, and aplite, and that the granite is 
the older rock. Under this supposition the 
contradictory evidence on the mutual relations 
of the granite and granodiorite could be recon- 
ciled. This succession of decreasing silicity is 
accordingly at variance with that shown in the 
southern Sierra Nevada. 



» Ollf>«t, O. K., Grarltatlonal awsemblng© In grranlte : Geol. 
Hot. Amerlcm. Bull., vol. 17, p. 324, pi. 46, 1906. 

*Un^Krt^, Waldemar, U. 8. <5eol. Survey (ieol. Atlas, 
VjrmmM P<Nik folio (No. 31). p. 3, 1896. 



The plut6nic rocks of the major intrusions 
were followed by innumerable dikes of aplite 
and of pegmatite, and these minor intrusions 
were in turn followed by dikes of lamprophyric 
affinities (diorite porphyries rich in hornblende 
and biotite), which, however, are far inferior 
to the aplite in numbers or volume. 

TERTIARY RHYOLrrE. 

Breccia and tuff of pumiceous rhyolite occur 
at many places Uiroughout the region, but mas- 
sive rhyolite and obsidian occur, so far as 
known, at only one locality. The rhyolite re- 
sulting from explosive outbursts is closely asso- 
ciated with the lacustral and alluvial deposits 
of late Cenozoic age and has already been de- 
scribed in part in the sections dealing with 
those deposits (pp. 54-57). 

The oldest rhyolite ejection is probably that 
represented by the tuffs and breccias associated 
with the ostracode-bearing beds at Haiwee. 
The age of these is not satisfactorily known, 
but they are at least as old as early Quaternary, 
and they may be as old as Pliocene or even 
Miocene. The rhyolite composing the pyro- 
clastic beds is a pure-white, highly vesicular 
glass, which is silky in appearance on fresh 
fracture and is characterized by phenocrysts of 
quartz, sanidine, and biotite. Quartz predomi- 
nates; sanidine and probably other feldspars 
are common ; but biotite is rare and is generally 
absent. 

Rhyolite tuff occurs in places beneath the 
heavy basalt cappings which are widespread 
along the east slope of the Inyo Range, north 
of Deep Spring Valley. Well-worn stream 
gravels, in places poorly auriferous, are buried 
beneath the basalts, and in them the tuff is 
intercalated, locally forming a stratum 40 feet 
thick. The great revolution in the topography 
since the stream gravels were deposited indi- 
cates that their age and that of their associated 
tuff is considerable. Possibly they correspond 
in age to the auriferous gravels on the west 
flank of the Sierra Nevada. Although few 
channels of eastward-flowing streams of the 
auriferous gravel epoch have survived erosion,* 
the gravels of a Neocene river channel, capped 
by rhyolite breccia, lying between Lake Tahoe 



*Llndgren, Waldemar, Tertiary srravels of the Sierra Ne- 
vada: U. 8. Geol. Survey Prof. Paper 73, p. 33, 1911. 
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and Washoe Valley, have been described by 
Eeid.i 

The most extensive area of rhyolitic rocks 
forms the volcanic table-land lying north of 
Owens River and extending far north of the 
area shown on Plate I. The cliff-making 
stratum of pinkish-gray tuff-breccia (p. 50) 
contains many fragments of black obsidian; 
and it is noteworthy that the only occurrence 
of massive rhyolites found within the region 
includes a flow of similar obsidian. The sub- 
jacent incoherent white rhyolitic strata have 
already been described (p. 50). 

The massive rhyolites form part of a small 
group of rhyolitic hills that project through 
the alluvial apron of the Sierra Nevada 8 miles 
south of Big Pine, at the junction of Fuller 
and Red Mountain creeks. In the lowermost 
parts of these hills a flow of black, somewhat 
dull obsidian is shown ; it grades upward into 
a gray variety, which is markedly flow-banded 
and contains lithophysae; and above this are 
bands of flow breccia. The summits of the hills 
are covered with fragmental pumice and vol- 
canic dust. The flow structure dips gently 
west and northwest on the east side and steeply 
west on the west side of the hills. The hills 
appear to be an erosion remnant of a formerly 
more extensive volcanic formation. 

The greatest thickness of rhyolite tuff in the 
region is on the east side of the Inyo Range, 
on the Saline Valley road 3 miles north at 
Rattlesnake Cabin, where is exposed 200 feet 
of breccia and tuff of pumiceous rhyolite, 
stratified in well-defined beds dipping 10°, 
overlain by thick sheets of basalt. 

Fragmental rhyolite is intimately associated 
with the alluvial deposits. It forms a dis- 
tinct stratum of white pumice intercalated in 
the old alluvial cone of Poleta Canyon, and in 
that of Black Canyon, both on the west flank 
of the Inyo Range, and it is also embedded 
in the coarse angular gravels, capped by ba- 
salt sheets, on the east flank of the Inyo Range 
northwest of Willow Creek. Pumiceous 
rhyolite occurs in the sand beds or loose 
sandstones at McMurry Spring and forms 
a conspicuous white stratum in the alluvial 

^Reid, J. A., The (feomorphogony of the Sierra Nevada 
northwest of Lake Tahoe : California Univ. Dept. Geology 
Pnb., vol. 6, pp. 97-©9, 1911. 



gravels at Devils Gate on the Saline Val- 
ley road. Along this road the old alluvial 
gravels extend continuously to the summit of 
the range at an altitude of 7,500 feet and 
across the divide down at least to 7,300 feet. 
Here, as observed along the portion of the 
road known as the June Smith cut-off, the 
gravels are cemented by a white matrix com- 
posed largely of small particles of pumiceous 
rhyolite. 

TERTIARY LATTTE. 

Templeton Mountain and Monachee Moun- 
tain, both west of Olancha Peak, are built of 
a peculiar group of lavas, provisionally termed 
latites, which are not elsewhere represented in 
the region. These mountains rise as isolated 
cones above broad meadows and in form closely 
simulate extinct volcanoes, and are, indeed, 
locally regarded as such. Somewhat north- 
west of them there are a number of basaltic 
cinder cones of late Pleistocene age.* Monachee 
Mountain, however, shows no evidence of hav- * 
ing been a center of volcanic ejection, nor does 
Templeton Mountain, though only the south 
flank of this mountain was examined. The 
bulk of Monachee Mountain consists of a por- 
ous, bluish-gray, highly flow-banded lava 
carrying innumerable small plates of biotite 
and sporadic crystals of glassy feldspar. At 
Templeton Mountain a gray lava characterized 
by acicular hornblende is common, but highly 
flow-banded varicolored lavas occur also. Un- 
der the microscope the rocks of the two locali- 
ties appear essentially similar. They are 
sparsely porphyritic flow-banded glasses, con- 
taining hornblende and biotite of deep-brown 
varieties, so deeply colored as to be barely 
translucent, and feldspar of two or more gen- 
erations, the first as sporadic phenocrysts of 
oligoclase or andesine (AbgjjAnga) not exceed- 
ing 3 millimeters in length, and the others as 
innumerable laths embedded in the glassy 
groundmass. The glass ranges from clear 
colorless to light brown and is commonly eu- 
taxitic. As these lavas show a combination of 
characters suggesting rocks high in potash they 
are provisionally called latites. 

*Law8on, A. C. The ^eomorphoffeny of the npper Kern 
basin : California Univ. Dept. Geology Bull., vol. 3, pp. 820, 
375, 1904. 



74 



GEOLOGIC RECONNAISSANCE OF INYO RANGE. 



TERTIART AND QUATERNARY BASALTS. 

Basalt was erupted during at least three 
separate epochs, the earliest flows, which were 
the most extensive, probably being erupted in 
late Tertiary time and the younger flows in 
late Quaternary time. In appearance they are 
all essentially similar, though the older basalt 
perhaps lacks the glistening freshness of some 
of the younger. Appearance is, however, an 
unreliable criterion for relative ages, and the 
diflFerent flows can not be correlated on mere 
petrographic similarity. 

LATE TERTIART BASALTS. 

The basalts of the earliest epoch of eruption 
are prominent in the range southeast of Keeler 
and in fact cover its whole south end. They 
form a superposed succession of flows aggre- 
gating about 100 feet in thickness, which rests 
on a nearlv horizontal surface eroded across the 
inclined edges of Triassic and Carboniferous 
strata. Highly vesicular sills of basalt, some 
as much as 30 feet thick, filled along their mar- 
gins with angular inclusions of country rock, 
are inclosed in the basement rocks and pos- 
sibly served as feeders to the overlying lava 
flows. The horizontal sheets are broken by sttp 
faults (see PI. XI, A and B) and are of impor- 
tance in deciphering the orogenic history of 
the range. (See p. 89.) 

Basalt sheets overlie in places the supposed 
lake beds occupying the broad depression be- 
tween the Inyo and Coso ranges and form con- 
spicuous plateaus sloping southeastward on the 
east side of the Inyo Range at altitudes rang- 
ing from 10,500 to 5,500 feet. The basalts 
forming the plateaus are about 125 feet thick 
and were erupted upon a surface of gentle re- 
lief and in places have buried auriferous 
stream gravels. 

The basalts are highly olivinitic varieties. 
A specimen from the head of South Fork of 
Crooked Creek, which is ideally well preserved, 
is characterized by abundant phenocrysts of 
olivine and of augite in irregular stellate 
groups; feldspars are absent from among the 
porph yritic constituents but occur in the ground- 
mass, which is composed of augite, labradorite, 
and magnetite. The basalt from the plateau 
southeast of Keeler is rich in olivine, which is 
abundant as large crystals and is the only 
phenocrystic constituent. As seen imder the 



microscope the borders of the olivine are more 
or less red, probably owing to the separation of 
ferric oxide during incipient alteration. The 
basalt from the 30-foot sills, previously re- 
ferred to, differs from the overlying lavas in 
that plagioclase, phenocrysts, resting in a 
groundmass of plagioclase, augite, and gla^ 
predominate over those of augite and olivine. 
The age of these basalts is not precisely 
known. They are younger than the ostracode- 
bearing beds at Haiwee and are older than the 
present Inyo Range, and are therefore prob- 
ably late Tertiary. 

aVATERVART RABALT OF PREOLAOIAL AGE. 
GENERAL FEATURES. 

Basalt erupted in the canyon of North Fork 
of Oak Creek in the Sierra Nevada flowed 
down the canyon and spread over the alluvial 
cone built by the stream. It was subsequently 
eroded and partly covered by glacial detritus 
of the earlier epoch of glaciation. The basalt 
consists of a superposed series of flows aggre- 
gating 200 feet in thickness. Petrographically 
the flows exhibit some diversity but consist 
principally of olivine-augite porphyry and 
augite porphyry. Like the older basalts, they 
show no plagioclase phenocrysts. 

Basalt, probably referable to this same 
epoch of eruption or possibly to the earliest 
epoch, overlies some of the ancient alluvial 
cones on the east side of the Inyo Range. It 
appears also in a number of isolated patches 
on the south side of Bishop Creek, where it was 
erupted apparently on a surface of steep slope. 
Deep canyons have been eroded in it since it 
was erupted, indicating that it is of consider- 
able age. It is noteworthy that fragments of 
basalt are conspicuous in the older moraines 
on Big Pine Creek, although no basalt can be 
found in place in its drainage basin. Some 
small patches of basalt west and northwest of 
Bishop are referred to this epoch of eruption; 
the basalt mass 4 miles due west of Bishop con- 
sists of f ragmental material, including volcanic 
bombs, and is without doubt a cinder cone 
battered to shapelessness by the assaults of 
time. 

COLUMNAR ORANFTE. 

A small knob of bedrock that projects 
through the alluvium on the road to Bishop 
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Canyon, a mile or so from the mouth of the 
canyon, displays marked columnar structure, 
which on examination is found, surprisingly 
enough, to be developed in granite. An irreg- 
ular intrusion of basalt, in places 15 feet wide, 
cuts the granite, but the basalt shows no 
columnar jointing. The columns range from 
4 to 7 feet in length and average somewhat 
under a foot in diameter; they are, roughly, 
four, five, and six sided; they are normal to 
the contact at the contact surface, but many of 
them are curved, some curving from horizontal 
to vertical. 

The basalt is a bluish-black rock, more or 
less highly vesicular and containing innumer- 
able inclusions, ranging from single grains of 
quartz and of feldspar up to blocks of gi^anite 
several feet long. Under the microscope small 
phenocrysts of augite and olivine are seen em- 
bedded in a fine-grained groundmass of plagio- 
dase and augite. Some grains of quartz and 
feldspar were derived from the granite ; one of 
these — an inclusion of quartz — was found to 
be surrounded by a conspicuous border of 
brown glass filled with overlapping fanlike 
groups of pyroxene prisms. 

The granite, as seen in a hand specimen ob- 
tained from the head of one of the columns 
abutting against* the basalt, is a moderately 
coarse grained rock made up largely of feld- 
spar and quartz. On close inspection a vesicu- 
lar structure becomes apparent, owing to the 
presence of spherical cavities under a milli- 
meter in diameter. Examined microscopically 
the granite is found to be composed essentially 
of orthoclase, andesine, and quartz, with rather 
common accessory magnetite. The former 
presehce of some ferromagnesian mineral in 
small quantity is indicated by pseudomorphs 
consisting largely of magnetite grains. The 
noteworthy feature of the rock, however, is 
that it is permeated by small veinlets and 
patches of colorless and locally vesicular glass. 
The quartz and orthoclase adjoining the vein- 
lets of glass show marked corrosion and em- 
bayment ; and this, together with the fact that 
the refractive index of the glass is consider- 
ably below that of balsam, proves that the 
glass was formed by local fusion and reac- 
tion of the constituents of the granite. There 
is a suggestion that the points of contact 
between the orthoclase and quartz were the 



most favorable for the formation of glass, 
but this has not been established. The 
minerals of the granite are much shattered, 
especially the quartz, and are penetrated by 
stringers of glass — evidently local injections 
produced by the expansive energy of the in- 
closed steam. The shattered condition of the 
quartz and feldspar has undoubtedly been pro- 
duced by the abrupt volume changes that oc- 
curred as the quartz was heated to 575° and 
higher.- In addition to the colorless glass 
there is locally, as for example in the vicinity 
of magnetite, a minute amount of clear brown 
glass, whose deep color is due to absorption of 
iron compounds during fusion. 

It seems probable, then, that' owing to the 
fonnation of the glass between the interstices 
of its mineral grains, the granite assumed a 
columnar structjire on cooling. If no water 
had been present, the temperature^ to which 
the granite was heated would have been about 
1025"*, but the vesiculation of the glass indi- 
cates that steam was developed, and that con- 
sequently the temperature was much lower. 

aVATEBVABT BASALT OF IVTEXOLAOIAL AGE. 
DISTBIBUTION AND CHABACTEB. 

A volcanic field, comprising a considerable 
number of finely preserved basaltic cinder 
cones and associated lava flows, is a notable 
feature of the east flank of the Sierra Nevada 
between Big Pine and Independence. That 
some of the cinder cones are situated upon 
fault lines and that motion has recurred along 
some of these fault lines as recently as 1872 
are the most interesting facts in connection 
with the last outbreak of volcanic activity in 
the region. 

The cinder cones are fine examples of their 
type and illustrate the different varieties, rang- 
ing from the symmetrical conical heaps of 
scoria and lapilli that were unaccompanied by 
the emission of flowing lava to those breached 
by the escape of molten rock. A portion of the. 
volcanic field is shown in Plate XII, J., in 
which a breached cone can be seen in the fore- 
ground, and Crater Mountain, the most im- 



»Day, A. L., Sosman, R. B., and Hostetter, J. C, The de- 
termination of minerul and rock densities at high tempera- 
ture : Am. Jour. Sci., 4th ser., vol. 37, p. 34, 1914. 

*Idem, p. 38. 
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posing volcanic pile of the last epoch of enip- 
tivity, in the background. Crater Mountain 
attains a height of 2,000 feet above the floor 
of Owens Valley, but this considerable height 
is due in part to the fact that eruption burst 
forth through the top of a granite mountain 
that rose at least 1,400 feet above the valley 
floor. The volcanic accumulation consists pre- 
dominantly of black basalt, but its summit is 
crowned by a small cinder cone, whose crater is 
about 100 feet deep. 

Most of the cones stand upon the alluvial 
piedmont slope of the Sierra Nevada, but some 
ejection of cinders and emission of lava took 
place along the lower bedrock slope of the 
range. (See PL XII, B.) The theater of most 
intense volcanic activity embraces the area be- 
tween Taboose and Sawmill creeks, where large 
flows of lava issued and spread far over the 
level floor of the vaUey. Tlie flows consist 
wholly of an extremely rough and fantastic ap- 
pearing mass of loose blocks of clinkery lava. 
The lower ends of the flows have been partly 
covered by alluvial wash, and owing to the 
original inequalities in the surface of the lava 
a multitude of " islands " of rough basalt pro- 
ject through the valley floor. 

The basalt carries prominent phenocrysts of 
olivine and numerous less conspicuous crystals 
of augite. Under the microscope it is found 
to bo porphyritic, holocrystalline, and per- 
fectly fresh. Augite and olivine constitute the 
phenocrysts. The groundmass is composed of 
plagioclase laths, averaging 0.2 millimeter in 
length, disposed in fluidal arrangement and 
having the composition AbjoAngo; of augite 
grains; and of magnetite granules. 

The most perfect and symmetrical of the cin- 
der cones is Red Mountain. ( See PL XIII, A . ) 
It rises 600 feet above the alluvial slope upon 
which it stands. An extensive flow of basalt 
issued from this vent, but the crater rim ex- 
tends unbroken over the head of the lava flow, 
indicating that the final act in the life of the 
volcano was the ejection of fragmental mate- 
rial. The cone is built mainly of fragments, 
commonly 6 inches in diameter, of cellular 
lava, of a red color, from which it is named. 
Volcanic bombs whose ropy surfaces are spi- 
rally twisted occur sporadically, as do also 
" bread-crust " bombs as much as 4 feet in size. 
Under the microscope the red cellular basalt 



from the summit of Red Mountain shows spo- 
radic phenocrysts of augite and grains of 
olivine embedded in a groundmass of plagio- 
clase in small crystals (AbjoAugo) and in num- 
berless forked microlites inclosed in a deep- 
colored opaque glass. 

Red Mountain appears extremely recent, as 
if it had ceased erupting only yesterday, but 
on close inspection its form shows a certain 
departure from that of the ideal cinder cone. 
On the west side the cone rises abruptly from 
the alluvium at angles ranging from 28° to 
33°, whereas on the east side it rises at first 
very gently and steepens abruptly near the 
crater; in other words, only the east slope 
shows the distinctive profile of a normally 
built cinder cone. This diflFerence is without 
doubt due to partial alluviation that has buried 
the gentle peripheral slope of the west flank 
and to a certain amount of erosion prior to 
alluviation. Erosion has slightly scarred the 
southwest side of the cone and has slightly ex- 
posed the edges of the rudely bedded breccias 
that make up the internal framework of the 
volcano. It is only at this scar that the slope 
of the cone is so steep as 33°. 

The large but imperfectly shaped cinder cone 
at the upper edge of the alluvium between 
Division and Sawmill creeks is noteworthy be- 
cause of the profusion of large granite boul- 
ders scattered upon its summit. These were 
evidently hurled from the alluvium that once 
underlav the site of volcanic vent. 

On Sawmill Creek a flow of basalt and ejec- 
tion of cinders took place in the canyon at an 
altitude of 7,500 feet, and the lava flowed 
down to the mouth of the canyon. The basalt 
is an olivine-bearing variety like that already 
described. 

A large mass of basalt occurs near the base 
of the mountains northeast of Aberdeen in 
Owens Valley. The lava, which flowed out 
over the alluvium amassed along the front of 
the range, is exceedingly vesicular and scori- 
aceous. It is on olivine-bearing basalt whose 
groundmass is rather feldspathic, so that the 
holocrystalline form of the lava is dark gray. 
Ejection of cinders, resulting in the building 
of a number of imperfect cones, closed the 
eruption. This outburst on the east side of 
Owens Valley was in all probability contem- 
I poraneous with the. outpouring of lava and the 
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building of the cinder cones along the flank of 
the Sierra Nevada on the opposite side of the 
valley. 

BELATION OF ERUPTIONS TO FAULT LINES. 

Bed Mountain stands at the south end of a 
well-defined alluvial scarp produced during the 
earthquake of 1872. A short distance north of 
Eed Mountain, on this same fault scarp, is a 
small accumulation of basaltic cinders and 
scoria, representing an incomplete volcanic out- 
burst; and on the northward prolongation of 
the scarp — on the extrapolated line — stands 
the crater of Crater Mountain. Three volcanic 
vents were thus situated on a single fault line. 

The large cinder cone west of Fish Springs 
School displays the unusually interesting fea- 
ture of having been cut in two by a fault of 
recent origin. The vertical displacement pro- 
duced is 80 feet. (See PL XIII, B.) The 
fault scarp reveals the further fact that the 
periphery of the volcano had been covered by 
25 to 40 feet of coarse alluvium prior to the 
faulting. This proof of age is confirmed by 
the amount of erosion discernible on the north 
flank, which has been sufficient in places to ex- 
pose the bedding of the breccia layers. The 
continuation of the fault intersecting the cone 
can easily be traced by means of the alluvial 
scarp southward to the Poverty Hills, where it 
becomes unrecognizable. However, the west 
base line of the Poverty Hills bedrock mass, 
which projects through the alluvial floor of 
Owens Valley, coincides in direction with the 
.extrapolated line of the fault scarp ; and at the 
south end of the hills there is an accumulation 
of cinder, lapilli, and bombs. These facts 
clearly suggest that the Poverty Hills are de- 
limited on the west by a fault along which 
there have been basaltic eruptions in late Qua- 
ternary time, and that the recurrence of move- 
ment along this fault in postvolcanic time has 
produced the prominent alluvial scarp and the 
dislocation of the cinder cone west of Fish 
Springs School. 

The relation of probable fault lines to the 
ejected masses of cinder and scoria that occur 
along the upper edge of the alluvial piedmont 
slope and along the lower bedrock slope of the 
Sierra Nevada has already been described. 
Some of the cinder masses are shown in Plate 
XII, 5 (p. 71). 



Although the connection between volcanic 
outbreaks and fracture lines is thus clearly and 
unmistakably illustrated along the east flank 
of the Sierra Nevada, yet when this connection 
is considered in the light of the phenomena 
exhibited by the basaltic eruptions of the 
province as a whole it seems to possess far less 
significance than first thought would give to it. 
The amount of lava erupted is relatively small ; 
the eruptions occurred long after the great 
movements took place on the fault planes that 
determined the Sierra Nevada escarpment; 
and contemporaneous volcanic vents were 
opened upon the summit of the range, for in- 
stance, on Golden Trout Creek and South Fork 
of Kern River.* This last fact is of special 
interest, for the occurrence of these volcanoes 
shows that the magma, instead of issuing at a 
low altitude along one of the fault planes of 
the eastern escarpment, bored its way inde- 
pendently through the granitic core to the 
summit of the range, there to erupt from single 
isolated vents — an illustration of the inde- 
pendence of volcanic vents in some respects as 
noteworthy as the classic examples of Kilauea 
and Mauna Loa. 

Again, the great epoch of basaltic eruption 
in the region was the epoch of the earliest 
flows, and this took place before the Inyo 
Range originated; in fact, as already pointed 
out, the basalt sheets serve as admirable regis- 
ters of the dislocations by which the range was 
blocked out So far as the history of the 
region is now known their independence of 
these orogenic movements does not, however, 
necessarily exclude their dependence upon oro- 
genic movements accompanying the uplift of 
the Sierra Nevada. 



AGE. 



The arid climate prevailing in Owens Valley 
has favored the preservation of the volcanic 
cones, so that they have remained nearly in- 
tact. On casual inspection they appear as 
if built in the recent past, but, as pointed 
out for Red Mountain and the cinder cone 
near Fish Spring School, a considerably 
greater age than this is indicated. More pre- 
cise information on this point is aflforded in 
Sawmill Creek canyon by the flow of olivine 

* LawsoD, A. C, California Univ. Dept. Geology Bull., vol. 
4, No. 15, pp. 319-320, 19p4. 
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basalt on Sawmill Creek. This flow of lava 
was poured out after the canyon of Sawmill 
Creek had attained its present depth ; the lava 
was subsequently covered by a great lateral 
moraine of the second epoch of glaciation, and 
the evidence (see p. 98) shows that the volcanic 
outburst took place in interglacial time. Of 
the contemporaneity of tliis activity and that 
lower upon the flank of the range there can be 
no reasonable doubt 

GEOMORPHOLOGY. 
OBIOIN OE THE PBEGLACIAX LAND FORMS. 

SIERRA NEVADA. 
FATTLT ESCARFXEirr. 

That the Sierra Nevada is a great fault 
block, tilted to the west and bounded on the 
east by a fault system of large displacement, has 
long been recognized. Lindgren ^ has recently 
presented a concise description of the fault sys- 
tem of the portion of the range extending 
north of Owens Vallev. The evidence of fault- 
ing, as recognized by this author, consists in 
the sharply -descending slope, the topographic 
discontinuity, the oversteepening toward the 
foot of the escarpment, and the dislocation of 
gravel-filled channels and their overlying 
lavas. In addition, triangular faceting of the 
mountain spurs, another evidence of faulting 
whose significance has been clearly set forth by 
W. M. Davis, has been recognized along the 
west wall of Owens Valley in extraordinarily 
impressive development. 

The great escarpment of the Sierra Nevada 
attains its most majestic dimensions' in the vi- 
cinity of Owens Lake, where it attains not only 
its greatest altitude but also its greatest relief, 
rising from 3,600 feet on Owens Lake to 14,501 
feet on Mount Whitney. From Olancha, at 
the south end of Owens Lake, to Independence 
the escarpment is steepest and the mountain 
base line is most sharply defined, for no foot- 
hills here break the abruptness of the descent 
from the crest line to the alluvial plain. In 
short, the eastern escaipment appears to have 
been produced here by dislocation mainly along 
a single fault. 

* lAndKTfJi, Waldomar, Tertiary jcravr-ls of tho Sierra Ne- 
vada of iallfomla: U. 8. Geol. Survey Prof. i*aper TA, pp. 
31>-4.'J, 1011. 



The faceted spurs of the fault scarp are also 
strikingly shown near the south end of Owens 
Lake. This feature is fairly well brought out 
in Plate XIV, A^ which shows Olancha Peak as 
seen from the southeast. The diffei-ence in al- 
titude between the summit of Olancha Peak, 
whose elevation is 12,135 feet, and the apex of 
the alluvial cone in the central foreground is 
over 7,000 feet. To show the profound con- 
trast between the rugged topography of the 
Sierra escarpment and the mature summit to- 
pography on the very brink of the escarpment 
another view of Olancha Peak, which was 
taken on the summit of the range southwest of 
the peak, is presented in Plate XIV, B. 

To all who behold it, the precipitous eastern 
slope of the Sierra Nevada seems a great gran- 
ite wall rising almost vertically from Owens 
Valley. How illusive this impression is in 
point of fact is realized only after a profile of 
the escarpment drawn to scale is inspected. 
For example, when the profile of the sharply 
faceted spur between Ash and Braley creeks, 
west of Owens Lake, is drawn to scale it is 
found that the inclination of the fault scarp 
is only 25°. 

The. triangular faceting southwest of Inde- 
pendence is larger and bolder than elsewhere. 
The eastern slope of Mount Williamson, the 
dominating peak of the Sierra Nevada visible 
from this part of Owens Valley, is a great tri- 
angular facet, whose basal angles are at the 
mouths of the canyons of George and Shepard 
creeks. On this major facet have been cut 
three secondary facets, which, although deeply. 
scored, show the characteristic triangular pat- 
tern particularly well. They rise to an alti- 
tude of 10,000 feet, the height below which all 
the spurs in this part of the range show a 
marked oversteepening. 

The extreme simplicity of the fault scarp 
west of Owens Lake disappears west of Inde- 
pendence. Granite foothills protrude through 
the alluvial slope and seem to lie againsl.the 
main mass of the Sierra Nevada^ block-^doBg 
the major fault surface, suggesting a jniasB. that 
has not subsided as far as that which forms. 
the main suballuvial floor of Ow^ns Valley. 

In the vicinity of Division and Goodale 
creeks a number of basaltic cinder cones ap- 
pear alon«^ the line where the fault trace might 
reasonably be expected to occur. Patches of the 
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black basaltic ejecta are shown in Plate XII, 5, 
which shows also some curious features in the 
profile of the spur between Goodale and Ta- 
boose creeks. These features, somewhat sug- 
gestive of the geomorphic form to which A. C. 
Lawson^ gave the name "kernbut," seem to 
mdicate a zone of distributive faulting^ along 
which there has been movement in compara- 
tively'^ecent time. These later movements, 
however, probably took place along older tec- 
tonic lines. 

The ridge between Goodale and Taboose 
creeks is a striking example of topographic 
imconformity. Its lower slope, from the top 
of the alluvial apron up to an altitude of 8,500 
feet, is a steep, rugged scarp bristling with 
granite ledges; surmounting this is a broad 
bench whose surface is smooth though hilly; 
and above this another steep slope to the crest 
line. The terrace-like form is developed on 
the next ridge to the north, though not so 
markedly. This peculiar geomorphic feature 
doubtless originated by differential subsidence 
along a subordinate fault that accompanied 
the main fracture. 

. The precipitous eastern slope of the fine peak 
standing between Red Mountain and Tinemaha 
creeks displays an ideal development of triangu- 
lar faceting; the northernmost facet is large 
enough and is cut sharply enough to appear on 
the topographic map of the Bishop quadrangle. 
A huge talus, which extends to a great height 
on the flank of this peak, is traversed by a fault 
of recent origin, which is easily visible from a 
distance of several miles. 

The eastern slope of the Sierra Nevada, from 
Olancha northward to Birch Mountain, unmis- 
takably represents a profound break in the 
earth's crust, but from Birch Mountain north- 
ward to Bishop Creek the evidence is not so 
conclusive. Long straggling spurs extend out 
into the valley, and irregular foothills merge 
with the main mountain mass. The explana- 
tion seems to be that the dislocation was here 
dis tribut ed more or less equally along a num- 
ber qt parallel faults through a wide zone; 
and that subsequent erosion has been able to 
obscure the diastrophic origin, though it was 



> The geomorphogeny of the upper Kern basin : California 
Univ. Dept Geology Pub., vol. 3, p. 332» 1904. 



insufficient to obscure the evidence where the 
movement took place entirely along a single 
fault surface. 

In the vicinity of Bishop Creek the fault 
system is offset to the west about 8 miles 
in the manner characteristic of the Sierra 
Nevada farther north.^ It is noteworthy that 
a few miles north of the zone of offset the 
Sierra Nevada escarpment shows all the abrupt- 
ness and clear-cut simplicity that character- 
ize it in its most imposing development west 
of Owens Lake. This is notably true of the 
steep wall facing Round Valley (see PL XV, 
A) J where the topographic discordance be- 
tween the mature summit topography of the 
range and the eastern fault face is impressed 
on the observer as it is nowhere else along the 
southern escarpment. 

The fault indicated by the escarpment fac- 
ing Round Valley would, if prolonged south- 
ward, coincide with the axis of the canyon of 
South Fork of Bishop Creek, which is note-, 
worthy among the canyons on the east flank of 
the Sierra Nevada because of its meridional 
trend. The upper courses of Shannon and 
Haiwee creeks are indeed parallel to the trend 
of the range, but neither of these has the 
length and depth of South Fork of Bishop 
Creek. The coincidence between the trend of 
the fault scarp and the canyon of Bishop Creek 
suggests at once' Ihat the canyon is of dias- 
trophic origin. But the fact that the old topo- 
jgraphic surface, below which the canyon is 
sunk to a depth of 2,500 feet, is in hypsometric 
accordance on both sides of the canyon imme- 
diately indicates that the canyon, if of dias- 
trophic origin, is a rift valley. This is the 
mode of origin advanced by A. C. Lawson* 
for the analogous canyon of the Kern; and 
the probability of this hypothesis is a matter of 
importance in the consideration of glacial ero- 
sion. (See pp. 102-104.) Against the proba- 
bility of the rift hypothesis. is the fact that the 
course of South Fork is somewhat sinuous, but ' 
still more convincing is the fact that the can- 
yon of Middle Fork, which trends nearly at 
right^ angles to South Fork, is as deep as that 
of South Fork; in short, depth is no criterion 

•Llndjrren. Waldcmar, Tertiary gravels of the Sierra Ne- 
vada, Cal. : U. S. Gool. Survey Prof. Paper 73, p. 39, 1911. 
• Op. cJt., p. 348. 
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^as to the diastrophic origin of the eastern 
Sierra Nevada canyons. 

KEOEHT FAULT SCARPS. 

A^idol^t earthquake, comparable to the San 
Francisco earthquake of 1906, shook Owens 
Y^U^y i^ I8I3. It was so destructive that at 
the small village of L#one Pine the population 
was literally decimated. Some of the fault 
scarps produced during this earthquake, espe- 
cially those in the vicinity of Lone Pine, were 
described by Whitney,^ who visited the region 
a few months after the shock, and later by 
Gilbert.^ Hobbs* has assembled the i^iforma- 
tion concerning this earthquake and exhaus- 
tively described the earthquake faults at Lone 
Pine, basing his descriptions on the field work, 
photographs, and maps of W. D. Johnson. 

The fault scarps near Lone Pine as indicated 
on the topographic map of the Mount Whitney 
. quadrangle are shown m somewhat generalized 
form ; they are shown on Plate II of this report 
(in pocket) as corrected from Johnson's data. 
The fault scarps have a general trend parallel 
to_ the front of the Alabama Hills. . They 
range in height from a few feet up to 25 
feet ; as the faults traverse soft lake beds, 
alluvium, and soil the scarps have become 
somewhat" softened and it is now impossible 
to measure within a few feet the heights prop- 
erly attributable to the displacement during 
the earthquake. The visible geologic effects 
were confined to surface features until recently 
when a large' stream of water, temporarily 
escaping through a break in the Los Angeles 
Aqueduct, cut a deep gully across the east- 
ward-facing scarp at the nocth end of the 
Alabama Hills, revealing an excellent section 
that shows an actual stratigraphic discon- 
tinuity produced at the time of the earthquake. 
The beds exposed were deposited in^e fresh- 
watei: predecessor of Owens Lake and consist 
of weli^stratified fine gravel and sand carry- 
ing fragments of pearly UniajrThe.j£jjULsiir' 

^ Whltncj*. J. D., Thp Owon« Valley earthquoJce : Otorland 
Monthly, vol. 9, pp. lSO-140, 2r>6-»^8, 1872. Sii account of 
its inaccesslbll!^ In this publlciatlon thejlescriptlon wai 
reprlntpd In fu^ in California Min. Buaau Eighth Ann. 
Kept., pp. 288-300, 1888. ^ ^ 

« Gilbert. G. K.. i>» thcorjt-Af the e^K^hquako of the Great 
Basin with a practical a lipTl cation : ^^^^ur. Sci., 3d ser., 
vol. 27. pp. 49-53, 1884 ;Hii»ke Bonne#lle : U. 8. Geol. Survey 
Mon. 1, pp. .^61-362, 189(^ ^ 

» IIol)b8, W. II.. The earthquakeTf 1872 In Owens Valley, 
Cal. : Beltr. Geophyslk, vol. 10, pp. 362-385, 1910. 



Jace dips 50° E. and the stratigraphic discon- 
tinuity produced by the dislocation is plainly 
visible, the overlying layer of dark soil having 
been faulted down against the lake beds. (See 
PI. XV, B.) 

An eastward-facing scarp produced by the 
earthquake fault of 1872 remains in fairly well 
preserved condition west of Big Pine, a town 
40 miles northwest of Lone Pine. It is paral- 
leled at one locality at least by a smaller west- 
ward-facing scarp 250 feet to the east. Both 
faults traverse the coarse bouldery wash of the 
alluvial cone of Big Pine Creek; and the larger 
is traceable for a considerable distance, becom- 
ing indistinguishable to the southeast, where 
it enters the basalt of Crater Mountain. 

A considerable number of other fault Scarpa 
jof late Quaternary origin were discovered dur- 
ing the present reconnaissance and, tbgether 
with those near Lone Pine, were plotted upon 
the geologic map (PI. II, in pocket) and the 
downthrown sides indicated by arrows. Most 
of them face eastward, but a few face west- 
ward toward the Sierra Nevada. One is re- 
ported to have been produced during the earth- 
quake of 1872, but some of the others are ob- 
viously of earlier date. These faults occur not 
only at the edge of the alluvial' piedmoiit slope, 
as noted by Whitney and Gilbert, b.ut..Alsa.ai; 
intervals on this slope andjpn.tlxe flauk of the 
Sierra Nevada itself. Although these faults 
of late Quaternary age are recognized by their 
scarps (the results of the vertical displace- 
ments), they have also an important horizontal 
displacement, as was clearly pointed dut^Botti 
by Whitney and by Gilbert, who noted hori- 
zontal displacements measuring as much as 18 
feet. 

The alluvial fault scarp about 2 miles west 
of Fish Springs School is reported to have 
been formed in 1872. It is easily traceable 
from the southern edge of the basalt flows of 
Crater Mountain southward to the basaltic 
cinder cone known as Red Mountain. The 
scarp, which faces westward, is in effect a 
wall of granite boulders 3 to 6 feet in diameter. 
It averages 8 feet in height but in places is 
considerably higher; near Birch Creek it 
ranges from 16 to 18 feet. The northward 
prolongfiition of this fault passes through the 
crater of Crater Mountain, and the fault itself 
underlies a small cinder cone south of Fuller 
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Creek and terminates at the cinder cone of 
Red Mountain. 

The highest of the alluvial fault scarps is 
H miles east of that just described. It is 80 
feet high, has an average slope of 30°, and 
faces east. The fault cut through the west side 
of a large basaltic cinder cone, and as a re- 
sult a faulted fragment of the cinder cone 
shows in the scarp. The broken edges of 
rudely bedded volcanic scoria dipping west are 
displayed, and, important in another connec- 
tion, the volcanic material is shown to be cov- 
ered by 25 to 40 feet of alluvial wash, indi- 
cating that despite the cinder cone's extremely 
recent aspect considerable alluviation has taken 
place since its upbuilding. The southward 
prolongation of the fault extends along the 
west base of the Poverty Hills and the allu- 
vial scarp was doubtless produced by the re- 
newal of movement' along an old fault surface. 
^ Jaultjscarp, visible for niany_ miles, trav- 
erses the talus on the flank of the peak that 
rises between Tinemaha and Ued'BTduntain 
creeks. It trends N. 36° W., parallel to the 
flank. of the mountain, at an altitude of 8,000 
feet Its vertical displacement is about 25 
fee t. 

At an altitude of 6^100 feet a well-defined 
fault scarp crosses the alluvial cone of George 
XJreek. It faces east, is 20 feet high, and 
trends N. 25° W. Along its northward con- 
tinuation a granite spur, which rises here from 
the alluvium, clearly shows oversteepening of 
its basal slope. Iherfi. are a number of.al- 
illYJal fault scarps in the area west of Owens 
Lake, some of which resemble the beach cliffs 
produced by the fresh-water ancestor of Owens 
Lake but can be discriminated from them by 
the well-known fact that their base lines cut 
indifferently across the contours, as shown, for 
instance, by th6 fault traversing the alluvial 
cone of Cottonwood Creek. 

The fault scarps described are doubtless only 
a few of those that will eventually be found. 
Those now known, however, are sufficient to 
show that the regipn is one of crustal insta- 
bility, in which recent diastrophic movements 
have taken place along a series of parallel 
faulty that are spaced across a zone at least 7 
or 8 miles wide. The opinion has been ven- 
tured by some geologists that these renewals 
of crustal movement prove that the Sierra 
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Nevada is a rising mountain range, but this 
view is no more inherently probable than its 
alternative that the floor of Owens Valley is 
subsiding. As A. C. Lawson^ has shown to 
be probably true of the recent fault at Genoa, 
on the east flank of the Sierra Nevada farther 
north, both blocks may have moved, the moun- 
tain block up and the valley block down. 

The fault ^carp3_s0.f ar described are all jon 
the west side of the valley. They ai)p_ea_r to be 
scarce on the east side, though a notable fault 
produced at the time of the^^great^ c aithquaki T 
in 1872 has been recognized just north of Swan- 
sea. It traverses an ancient beach. of Owens 
Jjake as a crack 1 to 3 feet wide and in places 
8 feet deep. The scarp is several feet in height, 
the downthrown side being the mountain block 
east of the fault. 

KEiarAirTS or oldse tofoobaphzo fobkb. 

SUMMIT OF THE KANGE. 

The sky line of the Sierra Nevada as seen 
from Owens Vallej'^, or, better still, from the 
Inyo Range, is in general notably even, few of 
the peaks rising dominatingly above the aver- 
age level. In detail the crest appears to be a 
chaotic assemblage of precipitous peaks (see PI. 
XVI, A) whose derivation from preexistent 
land forms is not apparent. Beyond the main 
divide, however, this condition changes, and 
the relation of the present summit to the earlier 
land surfaces begins to be apparent, especially 
west of Mount Whitney, and becomes increas- 
ingly apparent southward, beyond the south- 
ern limit of glaciation. The interrelation be- 
tween the successive stages in the erosional 
history is more clearly shown in this area, 
which comprises the headwaters of Kern River, 
than elsewhere in the region. Although cer- 
tain topographic remnants of earlier epochs of 
erosion are finely preserved north of the Kem 
basin, the interrelation between them has been 
largely obscured by the extreme glacial remod- 
eling of the preexistent topography. 

The geomorphic evolution of the head- 
water region of the Kern has been described 
in a notable paper by Lawson.^ His-obser- 

* The recent fault scarps at Oenoa, Nev. : Selsmoh Soc, 
America Bull., vol. 2, p. 199, 1912. 

* Lawson, A. C, Geomorphogeny of the upper Kem basin : 
California Univ. I>#pt. Geology Bull., vol. 3, pp. 202-370, 
1904. 
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South of Mulkey Meadows the Subsummit 
Plateau, here literally summit upland, has an 
altitude of 10,700 feet; near Cirque Peak its 
altitude is 11,500 feet ; and on the spur extend- 
ing west from Mount Whitney 12,700 feet. 
The hypsometric range in 20 miles is accord- 
ingly 2,000 feet, and the Subsummit Plateau 
has therefore a pronounced southward slope. 

The Summit Upland is regarded by Lawson 
as a surface of differential degradation that 
has been controlled by the gently undulating 
contact surface of the granite batholith with 
the rocks that formerly extended over it. The 
objection may perhaps be urged against this 
explanation that inasmuch as the batholith, 
consisting as it does of successive intrusions of 
diorite, gabbro, quartz monzonite, and alask- 
ite, is of composite origin, the configuration 
of its contact would probably not have the 
simplicity postulated. More valid than this 
theoretical objection is that afforded by the 
actual mapping of the renmants of the pre- 
granitic rocks that formed the roof of the 
batholith, which shows beyond question that 
the contact surface was characterized by ex- 
treme abruptness of relief. This evidence will 
now be presented. 

Kemnants of the batholithic roof are fairly 
common' from Kearsarge Peak northward — 
that is, in the area north of the upper Kern 
basin. Their contact surfaces are well ex- 
posed, but these surfaces, instead of being 
nearly horizontal as Lawson supposed, are ex- 
traordinarily irregular, the remnants of the 
rock mass beneath which the magma came to 
place being mainly deeply projecting roof 
pendants. On the precipitous flanks of Mount 
Emerson, for instance, masses of schists can 
with diagrammatic clearness be seen extending 
1,P00 to 2,000 feet vertically downward into 
the granite. Even more striking are the fea- 
tures at Taboose Pass and Cardinal Lake. 
The great granite wall of the Sierra Nevada 
north of Taboose Pass is surmounted by a 
mass of black rock, which, as seen from Owens 
Valley, appears to be a thick flow of basalt 
resting on a smooth horizontal floor of granite. 
The pronounced color contrast makes the 
superposition visible 20 miles away. Close at 
hand, however, the black rock turns out to be 
a biotite schist roof pendant which projects 
almost vertically a thousand feet or more into 



the underlying granite, as may be determined 
at the cirque in which Cardinal Lake lies. 
The seemingly horizontal superposition of the 
black mass on the light-colored granite, as 
seen from Owens Valley, arises from the fact 
that the schist mass, which dips steeply west- 
ward, outcrops along an eastward-facing wall* 
that trends nearly parallel to the strike of the 
schists, and that the trace of the contact plane 
is therefore an approximately horizontal line. 
(See PI. XVIII, -^1.) The whole phenomenon 
strongly emphasizes the need of observations 
in three dimensions to determine the relations 
of roof remnants to underlying batholithic 
bodies. 

The sedimentary roof pendant at Table 
Mountain, between Middle and South forks of 
Bishop Creek, projects at* least 2,500 feet 
downward into the granite. But the even, 
gently sloping summit surface of Table Moun- 
tain extends indifferently across both granite 
and sedimentary rocks, and manifestly its evo- 
lution has not been controlled by differential 
degradation. 

The foregoing fact's seem to render inadmis- 
sible the hypothesis that the Summit Upland 
represents essentially the exhumed original 
upper surface of the granitic batholith of the 
Sierra Nevada. It is concluded, therefore, that 
the summits in the Mount Whitney region, 
which have been interpreted as remnants of a 
once-continuous summit upland, are merely the 
unreduced interstream areas of the ancient 
surface of erosion represented by the Subsum- 
mit Plateau ; the two surface features are con- 
fluent and were formed during the same period 
of erosion. At Mount Whitney the confluence 
of the two has been broken by glacial erosion, 
and they seem to be separate entities, but at 
Diamond Mesa their unity has been preserved. 

The Subsummit Plateau is correlated by Law- 
son with the early Tertiary peneplain of the 
more western part of the range; that this pene- 
plain, however, was far from being a feature- 
less surface of erosion has been adequately 
proved by Lindgren,* who, indeed, strongly 
denied that the term " peneplain " is applicable 
to it, even in the foothill region. Conse- 
quently a considerable relief might be ex- 
pected to be shown by this surface at the crest 

» U. S. Geol. Sunrpy Prof. Papor 73, pp. 37-39, 1911. 
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of the range ; but as a matter of fact the niaxi- 
nium — 1,800 feet at Mount AVhitney — is rela- 
tively small. 

Reid/ in attempting to account for the flat 
summits in the vicinity of Lake Tahoe, was 
also forced to abandon the hypothesis of the 
exhumation of a batholithic contact, although 
many facts seemingly spoke in its favor, by 
the discovery that the flat surface is developed 
across the pregranitic schists of the Tahoe re- 
gion as well as across the intrusive granite. 
Reid therefore adopted the view that the flat 
summits represent an ancient peneplain. 

In the northern Sierra the ridges standing 
above the old Tertiary surface of erosion (the 
Sierra Nevada "peneplain" of most authors), 
are flat topped, and these flat-topped ridges, 
which are possibly the equivalents of the Sum- 
mit Upland of the southern Sierra Nevada, are 
l>elieved by Lindgren^ to represent an earlier 
cycle of erosion, supposedly of Cret'aceous age, 
but further than this their origin is not eluci- 
dated. It is with this Cretaceous surface of 
erosion, or peneplain, that Reid is inclined to 
correlate the ancient peneplain recognized by 
him in the region northeast of Lake Tahoe. 

Flat-topped ridges, as already mentioned, 
occur along the main divide in the southern 
Sierra Nevada south of the southern limit of 
glaciation. South of Ha i wee Pass the crest is 
9,200 feet in altitude and is level topped (see 
PI. XVIII, 5), with some eminences, among 
which is Olancha Peak (PI. XIV, B), rising 
above the average level. The surfaces of these 
flat-topped ridges are remnants of the Subsum- 
mit Plateau ; no earlier surface of erosion has 
been recognized in this part of the southern 
Sierra Nevada. 

HIGH VALLEY ZONE. 

The most conspicuous representative of the 
High Valley zone as well as the most im- 
pressive geomorphic feature of the Mount 
T\Tiitney region is the broad valley flanking 
the profound canyon of Kern River. (The 
sleep-walled trench of the Kern, sunk 2,500 
feet below the floor of the ancient vallev, is the 



> Rold, J. A., The geomorphofreny of the Sierra Nevada 
northeaKt of Lake Tahop : California Univ. Dept. UeoloRy 
Bull., vol. 0, pp. lOfWno, 1011. 

« Lindgren, Waldemar, Tertiary gravels of the Sierra 
Nevada. Cal. : U. S. Geol. Survey Prof. Paper 73, pp. 30, 
44. 1011. 



most striking example of the canyon zone.) 
The general topographic features of the old 
valley floor in the upper Kern basin are well 
shown on the topographic maps of the Mount 
Whitney and Olancha quadrangles. The area 
of this ancient land surface is estimated bv 
Lawson * to be 100 square miles. 

In places the old valley floor is connected 
with the Subsummit Plateau by transitional 
slopes, as noted by Lawson, but in other places 
the transition is rather abrupt; for example, 
in the descent from the summit of the level- 
topped ridge extending west from Mount Tyn- 
dall. This truncation of the spurs abutting on 
the old valley floor strongly suggests a glacia- 
tion anterior to the last, and this possibility 
should \ye considered in a detailed study of the 
area. Although in the brief time devoted to 
the area no evidence of more than one glacia- 
tion was found in the Kern basin, the writer 
is convinced that such evidence will eventually 
be obtained. 

Many of the broad grassy meadows in the 
sunmiit region south of the southern limit of 
glaciation are relics of the High Valley zone. 
Much of this region is drained by South Fork 
of Kern Eiver, a stream that displays certain 
peculiarities demanding explanation. At Tem- 
pleton Meadows South Fork meanders upon 
the floor of a broad valley belonging to the 
High Valley zone. Farther southward it en- 
ters a deep gorge several miles long, from 
which it emerges upon the broad Monachee 
Meadows, another extensive remnant of the 
High Valley system. (See PI. XIX, A.) 
Farther southeast it enters a meandering 
vertical-walled canyon intrenched 200 to 500 
feet in the floor of an old valley (a remnant 
of the High Valley zone), which lies 1,500 feet 
below the crest line south of Haiwee Pass; the 
canyon is so narrow that it is not distinguish- 
able in the view of the pass shown in Plate 
XVIII, B. Farther south the stream again 
emerges upon broad meadows. The only rea- 
sonable explanation for this singular behavior 
of South Fork would seem to be that the can- 
yons represent downcuttin'g across zones of 
upwarp whose axes lie athwart the stream 
course. The recognition that deformation of 
this kind has accompanied the uplift of this 
part of the Sierra Nevada introduces a new ele- 

•Op. cit.. p. 313. 
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ment of complexity in the decipherment of the 
physiographic history. 

Representatives of the High Valley zone are 
rare north of the Kem drainage. A broad 
bench referable to this geomorphic stage oc- 
curs, however, on the headwaters of South 
Fork of Kings River, a short distance west of 
Taboose Pass. It lies at an altitude of about 
10,500 feet. In it is intrenched a deep glacial 
canyon which bears the same relation to the 
floor of the old valley that Kem Canyon does 
to the floor of the high valley in which it is 
sunk — ^that is, the floor of the canyon grad- 
ually converges upstream toward the floor of 
the old valley, and in the headwater region 
the two coincide. The bench along South 
Fork of Kings River has been modified to 
some extent by glacial erosion, as is indicated 
by the sharply cut, triangular ice-worn facets 
that truncate the spurs projecting upon it. 

Some striking remnants of older land fea- 
tures appear to have been "marooned" high 
on the east side of the Sierra Nevada divide, 
near the summit of the fault escarpment. They 
have remained essentially intact because the 
streams draiiiing the escai-pment have not yet 
eroded sufficiently headward to destroy them. 
Some of these remnants are practically con- 
tinuous with those west of the divide, as is 
well shown at the head of Mulkey Creek in the 
Olancha quadrangle. The divide here, whose 
altitude is 9,500 feet, is a broad grassy meadow, 
the explanation of this anomalous condition, 
to anticipate slightly the discussion in the fol- 
lowing pages, being that during the halt be- 
tween the two uplifts of the range recognized 
in this region the eastward-flo^ving stream 
captured a headwater tributary of Mulkey 
Creek and caused the divide to shift westward. 
These relations afford a means to correlate the 
ancient topographic remnants east of the di- 
vide with those west of it and to discuss them 
in terms of Lawson's nomenclature. As Mul- 
key Creek flows upon a remnant of the High 
Valley zone, it is clear that the topography 
east of the divide was developed synchronously 
with that of this zone. 

East of the Sierra Nevada divide, at the 
heads of Baker and Rawson creeks, which 
drain the escarpment between Bishop and Big 
Pine, is a broad valley named Coyote Flat, 
which in extent rivals many of the wide 



meadows of the High Valley zone south of the 
glacial limit on the west flank of the range. 
Its elevation is 10,000 feet above sea level, 
slightly higher than that of the previously de- 
scribed remnant of the High Valley zone east 
of the Sierra divide. The streams meander 
lazily through its grassy meadows, acquiring 
new energy only when they enter the deep 
gorges that gash 'the fault escarpment and rush 
turbulently down to Owens Valley, 6,000 feet 
below. The headwater tributaries of Rawson 
and Baker creeks are now just in the process 
of extending their canyons back into this rem- 
nant of the High Valley zone. 

The mature ridge bordering Coyote Flat on 
the west, known as Coyote Ridge (see PI. 
XIX, -ff), attains an elevation of 11,500 feet. 
This remnant of mature summit topography, it 
may be noted in passing, is developed in schist. 
On the west flank of Coyote Ridge, at an alti- 
ture of 11,000 feet, is preserved one of the more 
notable geomorphic features in the region — a 
remnant of an old erosion surface (see PI. XX, 
-4), in which the almost vertical canyon of 
South Fork of Bishop Creek is sunk to a 
depth of 2,500 feet.* West of the canyon the 
old erosion surface is preserved as a fairly 
broad plateau, known as Table Mountain. 
From its relative altitude with respect to the 
High Valley zone of Coyote Flat the old ero- 
sion surface of Table Mountain must corre- 
spond to the Subsummit Plateau of the Kem 
basin. 

A large remnant' of a terrace occurs on the 
south side of Bishop Creek, below the junction 
of South and Middle forks, where its elevation 
is 9,300 feet. ( See PI. XIX, B, ) As seen from 
a distance it appears to be covered by a tliin 
sheet of basalt, which is probably of the 
same age as the basalt flows farther down- 
stream on the south side of Bishop Creek. 
These flows rest partly on gravels which doubt- 
less accumulated on the downstreajn extension 
of the terrace. The terrace corresponds in 
elevation to a point in the profile of the spur 
between Middle and South forks, below which 
a notable oversteepening occurs; and this cor- 
respondence leaves little doubt tliat the terrace 
is not of diastrophic origin, like some of the 
benches on the escarpment facing Owens Val- 
ley, but that it records a halt in the uplift of 
the Sierra Nevada or in the subsidence of 
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the floor of Owens Valley. The important fact 
in regard to this terrace is that it occurs on 
that segment of the Sierra Nevada escarpment 
that faces northwest as a result of the great 
offset of the fault escarpment lying west of 
Bishop. As a consequence of its position the 
complementary parts of the terrace, that must 
have existed on the north side of the stream, 
have been depressed beneath the floor of Owens 
Valley. The development of this terrace re- 
cords therefore an added detail in the history 
broadly outlined in the evolution of the Sub- 
summit Plateau and the High Valley zone. 

STREAM CAPTTTRE. 

The drainage system of the Sierra Nevada 
escarpment is for the most part simple. It 
comprises a series of short streams, subequally 
spaced, steep of grade, that flow in profound 
canyons perpendicular to the trend of the 
range. From the glacial cirques in which they 
rise to the great alluvial cones at the foot of 
the range, they traverse a region of extraordi- 
nary ruggedness. 

A few streams, however^ in their headwater 
development exhibit features that contrast 
markedly with those of normal type. Two 
of these abnormal streams, Eawson and Baker 
creeks; have headwater tributaries that extend 
back into grassy upland meadows. The head- 
water tributaries of Ash Creek flow in broad 
grassy valleys, which have not yet been in- 
cised by the deep gorge in the fault escarp- 
ment, and they extend back into a remnant of 
an earlier erosion cycle probably to be corre- 
lated with that represented by Coyote Flat. 
Being south of the former limit of glaciation, 
and therefore unmodified by glacial erosion, 
they doubtless exemplify in a somewhat 
smaller way the conditions that existed on 
the headwaters of Cottonwood Creek prior to 
glaciation. This stream differs from most of 
the other streams of the Sierra Nevada escarp- 
ment in having a considerable headwater 
drainage basin, which it evidently owes to the 
working back of its headwaters into an ex- 
tensive remnant of the ancient summit topog- 
raphy. Some of this topography, unmodified 
by ice erosion, has been preserved in the area 
between Cottonwood Creek and its tributary, 
Little Cottonwood. 

The headwaters of Carthage Creek and of 
the branch of Cottonwood Creek heading 



against Mulkey Creek also drain remnants of 
a mature upland topography. The divide at 
the head of Carthage Creek at an altitude of 
9,000 feet (PL XX, B) is occupied by a small 
marshy pond below which, toward Owens Val- 
ley, there is a considerable stretch of grassy 
meadow, whose lower end is just beginning to 
be incised by Carthage Creek, which close be- 
low falls 4,500 feet. in 3 miles. The small 
stream heading on the north side of Olancha 
Peak appears to have been captured from the 
westward-flowing drainage. It is plain, how- 
ever, that this capture must be credited to an 
earlier epoch of erosion, for there is no gorge 
at the elbow of capture. 

Stream capture seems to be more clearly ex- 
emplified at the divide just north of Muah 
Mountain. At this locality the broad alluvi- 
ated valley of Mulkey Creek, a westward- 
flowing stream, extends back to the brink of 
the steep eastern face of the range. A rela- 
tively large headwater tributary appears to 
have been diverted to the easterly drainage by 
one of the affluents of Cottonwood Creek. 
That the capture took place during a former 
epoch of erosion is fevident from the fact that 
the profound gorge of the eastward-flowing 
stream does not yet extend back to the elbow 
of capture. It is manifest here, as at Carthage 
Creek, that this headward extension is pro- 
gressing rapidly and that further captures are 
imminent. 

Despite the enormous advantage of grade 
possessed by the eastward-flowing streams, the 
extent to which capture of headwater tribu- 
taries of the westward-flowing drainage has 
occurred is exceedingly small. This may mean 
either that the feebler precipitation on the 
eastern flank has partly counterbalanced the 
advantage of gi-ade, or, what is perhaps say- 
ing the same thing in another way, that the 
fault escarpment was produced too recently 
for the eastward-flowing streams to have 
eroded sufficiently headward and to have ef- 
fected a notable amount of stream capture. 
The headwaters of many streams that now 
drain westward will, however, in all probabil- 
ity ultimately be diverted to the Great Basin. 

CORRELATION. 

The smallness of the amount of stream cap- 
ture by the drainage of the Sierra Nevada 
fault escarpment leads naturally to a consid- 
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eration of the time that has elapsed since the 
formation of the eastern fault system. Lind- 
gren sums up his views on this point as fol- 
lows:^ 

Faulting has recnrred Irregularly along the eastern 
fault zone since the Cretaceous period. The suh- 
sidences along the faults are not uniform. A Cre- 
taceous dislocation along one line may be continued 
by a late Tertiary fault on the extension of this 
line. ♦ ♦ ♦ It follows from the irregularity of the 
subsidence which has taken place at different times 
that these movements can in no way have been re- 
sponsible for the uniform tilting of the western slope. 

The uniform tilting of the western slope was 
effected at the close of the rhyolitic eruptions 
that buried the auriferous gravels of the Ter- 
tiary drainage.^ The streams were* thus re- 
juvenated, and the great canyons, now trench- 
ing the western slope, which were the results 
of this rejuvenation, were excavated during 
Pliocene and Quaternary time.^ Lindgren's 
interpretation appears therefore to be that the 
Sierra Nevada attained its present elevation 
at about the close of the Miocene as the result 
of a single uniform uplift of epeirogenic char- 
acter, and that its differentiation as a topo- 
graphic unit from the Great Basin was effected 
by the successive subsidence of fault blocks 
along its eastern margin. . 

This conception as a whole can not be recon- 
ciled with the history deducible in the portion 
of the range west of Owens Valley. Here the 
evidence shows clearly that the present altitude 
of the Sierra Nevada is not the result of a sin- 
gle uplift, but, as first established by Lawson, 
is the result of at least two uplifts which were 
separated by a protracted halt. According to 
Lawson,* however, the first elevatory movement 
took place at the beginning of Quaternary time 
and lifted the range in the Kern region 2,500 
feet. The assignment of the date of the uplift 
to the beginning of the Quaternary is an as- 
sumption of doubtful validity; it can not, how- 
ever, be proved or disproved within the Kern 
region by appeal to paleontologic evidence. 

Baker,' approaching the problem from a 
study of the Mohave Desert region, has cor- 



^Lindgren. Waldemar, The Tertiary gravels of the Sierra 
N«Tada of Califoraia : U. S. Geol. Survey Prof. Paper 73, 
p. 43, 1911. 

' Idem, p. 80. 

' Idem, p. 28. 

* Lawson, A. C, Geomorphogeny of the upper Kern basin : 
California Univ. Dept. Geology Bull., vol. 3, p. 364, 1904. 

* Baker, C. L., Physiography and structure of the western 
n Pub Range and the southern Sierra Nevada : California 
Univ. Dept. Geology Bull., vol. 7, pp. 137-139, 1912. 



related his results with those reached in the 
high Sierra by Lawson. The importance of 
his work arises from the fact that certain 
events in the historical geology of the region 
are accurately dated by vertebrate paleonto- 
logic evidence. He shows that in the Mo- 
have Desert the "Ricardo erosion surface," 
representing an unquestionable peneplain, bev- 
els the tilted strata of the " Rosamond series," 
of early Pliocene age ; and he seeks to correlate 
this surface with the Chagoopa Plateau, or 
High Valley system, of the upper Kern basin. 
It is somewhat difficult to follow this correla- 
tion, inasmuch as the Ricardo erosion surface 
is correlated with the summit upland repre- 
sented by broad-topped mountains in the vicin- 
ity of Walker Pass, and this summit upland is 
in turn correlated with the high-level floor of 
the Kern. But the ancient floor of the Kern 
lies some 2,000 feet below the Subsummit 
Plateau and the Summit Upland, which to- 
gether constitute the summit topography of 
the Sierra Nevada. If, despite this weakness 
in the chain of correlation, the developm^t of 
the ancient valley of the Kern and the pene- 
plain of the Mohave Desert were synchronous, 
then the High Valley zone was developed sub- 
sequent to early Pliocene time. 

It is to be noted that the constitution of the 
"Rosamond series" itself, consisting of gra-. 
nitic " fanglomerate " and volcanic breccias, 
points to a mountain-making uplift of the 
southern Sierra Nevada in early Pliocene time. 
" The sediments of the Rosamond series were 
probably laid down mainly as piedmont allu- 
vial debris and as playa deposits, under the 
same conditions of desert aggradation as 
operate in the region at the present day."* 
The uplift thus recorded in the sediments of 
the "Rosamond series" may be tentatively 
correlated with the initial uplift of the Sierra" 
Nevada. 

Now, the initial uplift of the Sierra Ne- 
vada — that is, the uplift to which it owes its 
])resent main orographic features — was corre- 
lated by Lawson with the beginning of the 
westward tilting of the western slope of the 
range. If this correlation is correct, it seertis 
to follow from a consideration of Lindgren's 

•Baker, C. L., Notes on the later Cenozoic history of the 
Mohave Desert region in southeastern California : California 
Univ. Dept. Geoloicy Bull., vol. 6, pp. 36S-^359, 1911. The 
" Rosamond series " was originally determinefl as of upper 
Miocene age, but is now regarded by J. C. Merrlam as of 
early Pliocene age. 
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overlies a series of angular gravels and silts, 
probably of terrestrial origin, lying horizontal, 
and at least 100 feet thick. Along a gulch 
eroded back parallel to the east edge of the 
mesa (the edge facing the crest of the range) 
the gravels have been abruptly upturned, caus- 
ing the stratification to dip 31° W. Besides 
this upturning, which was evidently due to 
dragging along Ithe longitudinal fault, there 
is equally clear evidence of trans\^erse faulting. 
A cliff, 25 feet 'high, reveals a remarkably fine 
slickensided wall standing vertical and trend- 
ing S. 55° W. Upon it strong horizontal cor- 
rugations are scored and upon these corruga- 
tions ate superposed striae that dip 30° E. 
Dissimilar gravels have been brought into jux- 
taposition and the demarkation between them 
is, in places, exceedihgly sharp. Some of the 
basalt-covered fault blocks were partly rotated 
during or after their subsidence. (See PL 
XI, A^ p. 70.) The evidence of transverse 
faulthig found in the underlying gravels is 
doubtless the internal expression of relative 
movements of this kind between the broken 
fractions of single large fault blocks. 

The basalt covering the extreme south end of 
the range simulates a great lava flow that de- 
scends from the summit plateau to the level 
"oTthe broad depression between the Inyo and 
"Coso mountains; but this effect has undoubt- 
edly been produced by dislocations along a 
large number of small step faults whose scarps 
arSnow obscured by tains slopes. 

In the southern portion of the .Inyo Bange, 
then, the evidence demonstrates conclusively a 
fault-block origin for at least this portion of 
the range. 

Along the northern portion of the range 
(north of the area considered in this report) 
the spurs facing Owens Valley are terminated 
by remarkably large clean-cut triangular 
facets, whose sharp edges and geometric per- 
fection make them extraordinarilv fine illus- 
trations of this salient geomorphic feature of 
recently uplifted dislocation ranges. South- 
ward, however, 'the triangular faceting is less 
conspicuous, perhaps because the faulting is 
distributive, as is strongly suggested by the 
distributive faulting that is actually revealed 
southeast of Keeler in the fractured and dis- 
located basalt plateau. 

Northward from the Montezuma mine tri- 
angular facets, sharply cut but much smaller 



than those at the north end of the range, ap- 
pear on the truncated spurs abutting on the 
valley. Corroborative evidence of the fault- 
ing thus indicated is furnished by the fact 
that the ravines incised in the fault face are 
youthful and are obviously eroding headward 
into a more mature topography. (See PI. I, 
in pocket.) Southward from the mine, the 
plane of faceting appears to run obliquely into 
the main mass of the range, gradually becom- 
ing obscure, and to coincide with the prolonga- 
tion of the fault that was detected between the 
Ordovician and Carboniferous rocks by the 
application of stratigraphic criteria. Tlie fea- 
tures of the range front, from the mouth of 
Waucoba Canyon to the Montezuma mine and 
southward, display in an unusually clear way 
the complications that render difficult the de- 
cipherment of the orogenic history from 
physiographic criteria alone. The dislocations 
that determined the relief of the range took 
place along a series of faults many of which 
hjave a tendency to coiiicide with .the base line 
of the range for some distance and Ihea.tonm 
at a narrow angle. into theanass. of .Jtbejrange. 

Other evidence of the fault-block origin of 
the range consists in the straightness of its 
western front and its independence of bed- 
rock control. The gene ral course of the base 
line is oblique to the trend of J;he_nick.bfiltsi; 
in places it actually cuts at right an^es across 
the axes of highly folded Cambrian strajta. 

Walcott^ lias advanced the view that the 
range was uplifted 3,000 feet along its eastern 
margin and tilted westward in post-Pleisto- 
cene time, basing his opinion largely on the 
examination of the lake beds east of Big Pine. 
But (see p. 55) he did not adequately dis- 
criminate the lake beds from the alluvial 
gravels deposited unconformably on them; 
and the views entertained concerning these de- 
posits closely affect the interpretation of the 
orogenic history of the range. According to 
Walcott the lake beds are exposed continu- 
ously along the Saline Valley road in Waucoba 
Canyon up to an altitude of 3,000 feet above 
O^Yens Valley and the rise ofl the canyon 
bottom is nearly coincident with that of the lake 
beds, which have an average dip of 3° to 5° W. 
This westward dip is thought to be largely 

* Walcott, C. D., The post-Pleistocene elevation of the Inyo 
Range, and the lake beds of the Waucobl embayment, Inyo 
County, Cal. : Jour. Geology, vol. 6, pp. 340-348, 1807. 
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due to the westward tilting of the range. Un- 
fortunately for this explanation the highest 
lake bed in the canyon, if indeed it be a lake bed, 
dips southeast (9° SE.) instead of southwest 
as demanded by Walcott's explanation. Iq 
view of this discrepancy, of the failure to dis- 
criminate accurately between lacustral and 
alluvial deposits, and of the indubitable strati- 
graphic and physiographic evidence concern- 
ing the fault-block origin of the range it is 
certain that Walcott's explanation needs con- 
siderable modification. 

. The eastern border of the Inyo Range is not 
a long, cohtiifuous straight line, such as char- 
acterizes the western face. But at many locali- 
ties the geomorphic features bear decisive wit- 
ness of extensive faulting. The evidence is 
perhaps most plain in the deep elliptical de- 
pression known as Saline Valley, whose floor 
lies 2,500 feet lower than that of Owens Valley. 
The flank of the Inyo Range is here exceedingly 
steep and rugged, in fact comparable to the 
great escarpment of the Sierra Nevada. That 
faulting has taken place here has been pre- 
viously recognized by Fairbanks^ and Wal- 
cott.^ It is interesting to note that Walcott 
tacitly assumed that this faulting proved that 
the range had been uplifted along -its eastern 
edge and tilted to the west. An alternative 
assumption, which is inherently as probable, is 
that the bottom of Saline Valley has been sub- 
siding. The further fact that some of the 
streams flow eastward from broad flats that 
extend to the brink of the escarpment facing 
Owens Valley and the pronounced easterly in- 
clination of the basalt plateaus north of Deep 
Spring Valley indicate that in places at least 
the range received an easterly tilt when it was 

blocked out. 

The escarpment of the Inyo Range facing 
Saline Valley displays a remarkable develop- 
ment of triangular facets, so recently formed 
that the new talus cones are just starting to 
accumulate along the base of the precipitous 
slope. (See PL XXI.) The canyons in the 
eastern flank are acutely V-shaped in their 
lower courses and at their mouths are mere 
slits in the bedrock. For example. Hunter 
Canvon narrows at its mouth to a bedrock 
gorge 20 or 30 feet wide with walls that rise 

1 Fairbanks, H. W.. NotoH on the jfcology of eastern Califor- 
nia : Am. (JeoloKlHt, vol. 17, p. <J<>, 1800. 
» Walcott, C. D., op. cit., p. 340. 



sheer for several hundred feet, the south wall 
being in fact actually vertical. From an alti- 
tude of 1,500 feet up to 5,000 feet the canyon 
is a narrow, impassable rock sluice, but above 
5,000 feet it is relatively open. 

A noteworthy feature of the geology of the 
escarpment facing Saline Valley is the severely 
cruslied condition of the rocks. The granite at 
the mouth of Willow Creek crumbles easily 
under slight pressure of the hand and is so un- 
like normal granite that it is unrecognizable 
as such at a distance, resembling rather the 
soft deposits of white Tertiary lake beds. Pro- 
foundly brecciated rocks occur also near Hun- 
ter Canyon. Similar crushing and shattering 
were noted by Fairbanks * along' the west flank 
of the Panamint Range, another Great Basin 
range, which lies east of the Inyo Mountains. 
The topographic forms resulting from the 
weathering of the crushed crystalline rocks re- 
semble those produced by the ero^on of un- 
consolidated deposits. 

OWENS VALLEY. 

All the evidence points to the conclusion that 
Owens Valley is a great tectonic trough, whose 
floor has subsided along a series of parallel 
faults. The subsidence has been thither uni- 
form nor equal, and partial rotation has af- 
fected the block comprising the bedrock floor 
of the valley. An epitome of the geologic and 
structural features of the valley is shown in 
figure 5, which is drawn without vertical ex- 
aggeration. The profile, extending from the 
summit of Mount Whitney northeastward 
across Owens Valley to the summit of the Inyo 
Range, illustrates the character of the valley 
where its troughlike form is most pronounced. 
Furthermore, the great triangular facet ter- 
minating the spur between Lone Pine and Hog- 
back creeks slopes at an angle of 28° and is 
steeper than any other in the valley with the 
possible exception of the wall west of Round 
Valley. 

The positions of the faults along the bases 
of the confining mountain ranges are conjec- 
tural, but the positions of the two west of 
Owens River are indicated in the field by allu- 
vial scarps. The line of the profile crosses the 
Alabama Hills, the prominent range of hills 

* Idem. p. 07. 
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lying west of Lone Pine, and effectively brings 
out their insignificance compared to the main 
mass of the Sierra Nevada. The opinion prev- 

« alent in Owens 
I Valley that the 
Alabama Hills are 
the "oldest hills 
in the world" 
is in no respect 
tenable, either as 
to the age of the 
rocks composing 
the hills or as to 
the age of their 
uplift as a range. 
This opinion is 
probably fostered 
by the peculiar and 
fantastic weather- 
ing of the granite 
that makes up a 
large part of the 
hills, because this 
weathering lends 
them an ancient 
appearance in con- 
trast to the Sierra 
Nevada. The fact 
that Lone Pine 
Creek flows across 
the range, which 
appears to have 
risen athwart its 
course, and the 
recent fault scarps 
that parallel its 
eastern front indi- 
cate that the Ala- 
bama Hills are of 
recent origin. 
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OWENS LAKE 

TEGTONIG ORIGIN OF 
THE BASIN. 

The origin of 
the depression in 
which Owens Lake 
rests is a problem 
of some interest. 
The explanation most strongly suggested by the 
unequal subsidence and partial rotation of the 
fault blocks that make up the bedrock floor 
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of Owens Valley and by the repeated move- 
ments along the faults is that the lake basin 
is of tectonic origiil. In direct support of 
this explanation is the fact that along the west 
side of the lake the basal slopes of the spurs of 
the Sierra Nevada escarpment, notably those 
between Ash and Braley creeks, are over- 
steepened very conspicuously and to unusually 
great heights. So recent has been the faulting 
to which this oversteepening is due that talus 
cones of granite sand have hardly begun to ac- 
cumulate, in which respect the part of the 
escarpment west of Owens Lake contrasts 
strongly with other parts farther north, as 
near Division Creek, where the talus cones 
extend up the flank of the range for 1,500 feet 
above the stream alluvium. In conformity 
with the recent faulting indicated along the 
west side is the fact that the axis of greatest 
depth of the lake lies close to the west shore, as 
shown by the contours of the lake bottom.^ 
This is the more noteworthy, as the great 
alluvial cones building out from the Sierra 
Nevada must tend to ejicroach rapidly upon 
the lake from that side. 

THE OLD BSAGH LINE8. 

Owens Lake is surrounded by old beaches, 
which are locally well defined. They are best 
developed near Swansea, east and southeast of 
Keeler, south of the lake, and along the front 
of the Alabama Hills. The remnants of the 
higher strand lines are only small fractions of 
their former perimeters. The highest of the old 
shore lines is also the most conspicuous because 
of its prominent shore cliffs. The altitude of 
the highest beach east of Keeler, as determined 
bv aneroid measurements bv the writer, is 
3.800 feet. The old shore line is marked by al- 
luvial scarps 30 feet high, which represent sea 
cliffs whose steepness has been much modified 
by slumping. In altitude this beach responds 
well within the limits of the accuracy of the 
measurement to the well-marked beach along 
the front of the Alabama Hills, whose altitude 
has been precisely determined as 3,790 feet,* or 
220 feet above the level of Owens Lake, in 

1 Oalc, H. S.. Salines In the Owen«, Searles, and Panamlnt 
basinFi, HoutheaBtern California : U. S. Geol. Survey Bull. 580, 
pi. 6, 1914. 

2 Leo, C. H., U. S. Geol. Survey Water-Supply Paper 294, 
p. 73, 1913. 
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February, 1913. Remnants of another beach, 
100 feet below the highest beach east of Keeler, 
are marked by a much-softened sea cliff 30 
to 40 feet high. The altitude of this beach — 
3,700 feet — corresponds with that observed at 
the old smelter site southeast of Swansea. 
(See p. 58.) The rapid outward growth of 
the alluvial cone that followed upon the reces- 
sion of the water of the lake has nearly obliter- 
ated the 3,700-foot beach. A finely developed 
beach terrace occurs about 30 feet below the 
3,700-foot water level, as determined near 
Swansea by Gale.^ 

Some lower beaches can also be recognized, 
but they seem to record very minor stands of 
the old water level, especially as compared to 
the two highest beaches, at 3,700 and 3,800 feet. 

In connection with the tracing of the old 
beach lines it is probable that a strand line 
may have different altitudes on the east and 
west sides of Owens Valley on account of 
faulting that has taken place since the lower- 
ing of the lake waters, the intensity of which 
may be gaged by the ^-f oot high scarps pro- 
duced during the earthquake of 1872. 

The southern rim of the lake at the time of 
its maximum expansion was the broad alluvial 
divide between Owens Valley and Rose Valley 
on the south. The alluvium, consisting of 
coarse bouldery granite wash derived mainly 
from the Sierra Nevada on the west, is spread 
over the irregularly eroded edges of the lake 
beds, which here consist of soft gray shales 
and of rhyolite pumice in beds, some of which 
are 30 feet thick. The lake overflowed the 
alluvial barrier and cut a well-defined channel, 
which shows a terrace near the north dam of 
the Haiwee reservoir. The altitude of the 
divide in the floor of the channel is 3,760 feet, 
30 feet below the highest level of the old lake. 
That the overflow was of considerable duration 
is indicated by the deep channel that the 
stream cut into an andesite (or latite) flow ex- 
tending across the valley south of the divide. 
The surplus waters from Owens Lake emptied 
into a system of lakes that filled Searles and 
Panamint basins and probably overflowed into 
Death Valley. The details of this interesting 

» Gale, H. S., Salines In the Owens, Searles, and Panamint 
basins, southeastern California : U. 8. Geol. Snryey Bull. 580, 
p. 256, 1914. 



history and their bearing on the accumulation 
of saline deposits have recently been described 
by Gale.^ 

The petrographic character of the rocks that 
formed the bedrock dam of Owens Lake at its 
maximum expansion has some bearing on the 
probable length of time since the lake last 
ceased to overflow. From the amount of 
sodium and chlorine accumulated in the lake 
Gale* has estimated this to be about 4,000 
years. This computation rests on the tacit 
assumption that the bedrock basin of the lake 
is and has been water-tight and that evapora- 
tion alone has btilanced the inflow. 

Porous tuffs and breccias of rhyolite pumice 
formed, however, an important part of the bed- 
rock dam of the ancient lake, and these, unless 
naturally puddled by silt carried in suspension, 
would probably permit a considerable subsur- 
face flow. That this is no unreasonable suppo- 
sition was proved when the Haiwee reservoir 
began to fill in 1913. The east abutment of 
the south dam, composed as it was of rhyolitic 
strata, leaked freely and copious springs issued 
along its base. If at the time of the lake's ex- 
pansion such a subsurface flow took place, it 
is probable that the estimate of 4,000 years 
for the latest stage in the lake's history is a 
minimum. 

One other point must be referred to. Al- 
though the study of the glaciation of the adja- 
cent Sierra Nevada has established the occur- 
rence of two glacial epochs, no evidence has 
been found to show that Owens Lake under- 
went two expansions, as seems demanded by 
the close parallelism between the glacial and 
lacustral histoiy of the Great Basin. Possibly 
the evidence of the earlier expansion has been 
destroyed, or, on the other hand, the lake, 
which fills a shallow depression produced by 
the displacement of a fault block, may not 
have been in existence during the earlier 
glaciation. 

GLACIATION. 
DISTRIBUTION. 

The canyons in the eastern slope of the 
Sierra Nevada have been heavily glaciated. 
No evidence of ice action has been found in 

■Idem, pp. 251-323. 
• Idem, p. 264. 
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the southern part of the Inyo Bange, though ' 
traces of glaciation occur on the east side of 
its extreme north end.^ 

SIERRA NEVADA. 
GEVEBAL OLAGIAL FEATU&ES. 

Two epochs of glaciation are recognized on 
the Sierra Nevada escarpment. The earlier of 
these was much the greater; its ice streams 
were much thicker, and, as shown by its ex- 
tensive moraines, it endured much longer. 
Moreover, its glaciers reached lower altitudes 
than those of the second glaciation, some cer- 
tainly having descended to an altitude of 5,000 
feet and probably to 4,500 feet. Some of those 
that descended lowest reached the mouths of 
the canyons and probably deployed to some ex- 
tent on the alluvial cones flanking the range. 

Many glaciers, however, did not reach the 
mouths of their canyons, and in consequence 
many canyons show profound contrasts be- 
tween their glaciated upper portions and 
their unglaciated lower portions. The lower 
stretches of thd great canyons are deep 
clefts that are no wider at their bottoms than 
the streams incising them, whereas the gla- 
ciated upper portions are wide floored, with 
grassy parks or lakelets on the treads of the 
"giant stairways" by which the glacial can- 
yons, bordered by sheer walls, descend from 
the summit of the range. The situation of the 
canyons on the great escarpment has empha- 
sized in a remarkable way the contrast between 
the qualitative effects of glacial and stream 
erosion. 

The study of the glaciation of the east slope 
of the Sierra Nevada insistently calls for cri- 
teria by which alluvial-cone deposits can be 
discriminated from morainal or other glacial 
deposits. Deposits of the two types are in jux- 
taposition at many localities along the front of 
the range, and in places they even overlap. 
Field work shows that along the eastern flank 
of the Sierra Nevada the two types are ex- 
traordinarily alike and that the only unim- 
peachable evidence of the glacial origin of any 
particular deposit is the presence of striated 
and faceted pebbles. As the morainal deposits 

* Tomer, H. W., The Pleistocene geology of the south- 
central Sierra Nevada, with especial reference to the origin 
of YoMmite Valley : California Acad. Set. Proc., vol. 1, 8d 
•er.. No, 8, p. 274, 1900. 



consist predominantly of granitic rocks, which 
soon lose glacial polish and striae, striated 
pebbles are scarce and the difficulty of dis- 
criminating the deposit is much enhanced. 
Curiously enough it was found that the pres- 
ence of well-rounded waterworn cobbles and 
pebbles scattered sporadically through angular, 
unsorted, unshingled, bouldery accumulations 
often served as a clue, if not a proof, of glacial 
derivation. Such isolated waterworn cobbles, 
evidently the products of fluvioglacial streams, 
were seen at many localities, as noted in the 
local descriptions in the following pages, 

EVIDENGES OF OLAGIATZOH. 
BISHOP CBEEK. 

Older glamation. — A large area lying be- 
tween Bishop Creek and Birch Creek (in the 
Mount Goddard quadrangle), extending from 
the mouth of Bishop Canyon at an altitude of 
5,000 feet up to 9,700 feet, is underlain by 
coarse gravels of the older epoch of glaciation. 
Good sections of these gravels are exposed 
along Bishop Creek and in the numerous ex- 
cavations for the pipe lines of the hydroelec- 
tric power company using the water of Bishop 
Creek. The material is an unsorted and un- 
stratified accumulation of angular boulders of 
granite, with some quartzite, schist, and basalt. 
The general topographic aspect of this deposit 
is that of smooth, rounded ridges, but a view 
from a commanding point between Bishop and 
Birch creeks, north of power station 3, leaves 
no doubt as to the morainal character of the 
deposit, for it shows the original series of 
curved, parallel morainal ridges, still fairly 
preserved, owing to the arid climate of the 
lower slopes of the range. 

The gravel sheet once extended continuously 
across Birch Creek, as shown by the long, nar- 
row remnant on the north side of that stream. 
As Birch Creek is intrenched in the gravels 
to a depth of 200 to 500 feet, its canyon 
affords a rough measure of the time that has 
elapsed since the older glaciation. The in- 
trenchment, however, was interrupted by a 
pronounced halt, shown by a well-defined ter- 
race approximately 75 feet high and 75 feet 
wide that extends for a mile along the south 
side of Birch Creek at an elevation of about 
6,000 feet above sea level. The development of 
this terrace is ascribed to the second epoch of 
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glaciation. This part of Birch Creek was far 
below the limit of the second ice advance, the 
thick undissected moraines of which extend 
down to an altitude of 8,400 feet only. Below 
these moraines a narrow outwash apron ex- 
tends down to 7,600 feet, beyond which the 
stream is deeply intrenched, having cut not 
only through the older glacial gravels but also 
a bedrock gorge nearly 100 feet deep. 

After the maximum stage of the first glacial 
epoch the stream proceeded to sink its channel 
in the glacial gravels and excavated a valley 
at least 125 feet deep. At this stage the sec- 
ond glacial epoch supervened; the stream be- 
came heavily loaded, and even overloaded, as 
^own by the deposition of the outwash plain, 
and at the lower limit of the outwash plain it 
began to meander and to widen its valley. 
This widening continued until the close of the 
second glacial epoch, when the stream, becom- 
ing underloaded, again began to dissect its 
valley and to cut a trench now approximately 
75 feet deep. 

According to this interpretation, the exca- 
vation of the older valley above the terrace 
platform affords a rough measure of the dura- 
tion of interglacial time; the development of 
the terrace platform a measure of the second 
glacial epoch; and the incision of the present 
canyon a measure of postglacial time. If the 
relative amounts of downcutting during inter- 
glacial and postglacial time are compared, 
from the roug^ data at hand and on the as- 
sumptions that the distance across the top of 
the older valley coincides with the original 
surface of the moraine (which seems a fair as- 
sumption), that no important aggradation or 
degradation except the widening of the valley 
took place during the second glacial epoch, 
and that the average rates of erosion during 
interglacial and postglacial time were equal, 
it appears that interglacial time was three to 
five times as long as postglacial time. 

Later glaciation. — At about 6,400 feet (power 
station 3), the valley of Bishop Creek changes 
abruptly, becoming rounded and troughlike 
and less steep. Glaciated bedrock makes its 
appearance; embankments, which are obvi- 
ously lateral moraines, flank its sides, and 
small recessional moraines occur at intervals. 

The younger lateral moraines on the north 
side of the canyon are best developed, the main 



one forming a nearly continuous embankment 
700 feet high. Its crest is narrow and is 
strewn with boulders. A moraine of the same 
height occurs discontinuously on the south side 
of the stream and extends up South Fork. It 
has in places caused high-level alluviation be- 
hind it, a geomorphic feature sufficiently pro- 
nounced to show on the topographic map. 
Some of this alluviation, however, may have 
taken place during the first epoch of glacia- 
tion ; indeed, the considerable drainage modifi- 
cation on the south side seems more likely to 
be correctable with the older glaciation. 

The main lateral moraine on the north side 
of the canyon slopes down abruptly at power 
station 3 (altitude 6,400 feet), but the termi- 
nal moraine here is almost insignificant. Well- 
defined moraines lie on the flank several hun- 
dred feet below the crest of the main moraine, 
sloping down and looping across the canyon 
to form a number of recessional moraines — at 
7,500, 8,000, and 8,400 feet It is therefore 
evident that the glacier did not retreat con- 
tinuously but made a number of sustained 
halts. Moreover, it persisted longer in Mid- 
dle Fork than in South Fork, for the lateral 
moraine on the south side of Middle Fork ex- 
tends across the mouth of South Fork. This 
longer persisteYice of the ice stream in the can- 
yon of Middle Fork is manifestly in conso- 
nance with the fact that the Middle Fork 
glacier had the greater number of tributaries, 
most of which headed against the main divide, 
and which thereby provided Middle Fork with 
the larger alimentation. 

The moraines referred to the second glacial 
epoch differ most obviously from the older 
morainal deposits against which they lie in 
being clearly the work of a recently vanished 
glaciation of alpine character. Their form 
and position stamp them at once as of glacial 
origin, and their perfect preservation and the 
intact character of their constituent lioulders 
attest their recent origin. 

Headwater region, — The canyon of South 
Fork of Bishop Creek is a splendid U trough, 
2,500 feet deep. Its general trend is merid- 
ional, although slightly sinuous. It much 
resembles the Kern Canyon, although lacking 
the notable straightness of that canyon, but 
like Kern Canyon it is a great trench sunk 
2,500 feet into a remnant of the high valley 
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zone. South Lake (see PL XXII, ^1) is near 
its head. 

The insignificant moraines on South Fork — 
small lateral moraines only— contrast strongly 
with the extensive moraines on the lower 
course of Bishop Creek. Yet all the evidence 
points to intense glacial erosion on South 
Fork and to relatively little on Bishop Creek. 
Facts of this kind enforce the conclusion that 
moraines in U canyons are chance products of 
glacial erosion, dependent for their construc- 
tion and preservation on the rare simultaneous 
occurrence of many favoring circumstances. 

At the head of North Fork is Piute Pass, 
through which a trail crosses over to the west- 
ward-flowing waters of the San Joaquin. 
This pass (see PI. XXII, ^) is a striking ex- 
ample of a deep gap that has been cut through 
the main divide by the headward erosion of 
two ice streams until the wall separating their 
cirques was completely obliterated. 



BAKER CREEK. 



Moraines deposited by glaciers originating 
in the headwater tributaries of Baker Creek 
can not be certainly identified below 9,400 
feet. Below this altitude the deep rugged 
canyon of Baker Creek bears no evidence of 
having ever been occupied by an ice stream. 
The thick sheet of old morainal gravels form- 
ing a mantle on the divide between Baker 
Creek and Big Pine Creek to the south seems to 
have been brought mainly by the great glacier 
that came down Big Pine Creek. 

In places the base of these morainal gravels 
is 1,000 feet above the bottom of the canyon 
of Baker Creek; downstream the base ap- 
proaches nearer to the stream until, near the 
mouth of the canyon, it rests on a bedrock 
bench 450 feet above the creek. From here the 
morainal gravels gradually merge with the 
alluvial cones on the flank of the range. 

These gravels, which occur only on the south 
side of the creek, overlook the brink of a can- 
yon whose wall slopes 30°. They consist of 
an unsorted and unstratified deposit of angular 
blocks 6 to 8 feet long, mainly of coarse white 
granite and biotite-augite diorite, scattered 
through which is a small but striking propor- 
tion of thoroughly waterworn cobbles. 

Moraines positively referable to glaciers 
frcxm the cirques at the head of Baker Creek do 



not extend below an altitude of 9,400 feet. On 
the north side of Baker Creek a broad moraine 
of the earlier glaciation, 300 feet high, extends 
as a free embankment from 9,500 up to 10,500 
feet. It has an extremely smooth even top, 
evidently due to the considerable disintegra- 
tion of its component boulders. The blocks of 
white granite, commonly 6 feet in diameter, are 
almost wholly embedded in gi-anite sand, pro- 
jecting as a rule only a few inches above the 
surface. Corresponding moraines occur on the 
south side of Baker Creek and on the south side 
of the south tributary of Baker Creek. Here 
the contrast between the older and younger 
moraines is particularly impressive. The 
younger moraine is superposed on the older, 
from which it is easily distinguished, as the 
older contains a large amount of biotite-augite 
diorite and of white granite which has been 
rendered inconspicuous by the products of its 
own disintegration, and the younger is com- 
posed wholly of white granite which as a rule 
is brilliantly fresh. 

The lateral moraine of the second epoch of 
glaciation is excellently defined on the south 
side of Baker Creek, extending down to an al- 
titude of 9,400 feet and looping across the val- 
ley as a terminal moraine. Behind this is a 
small pond, and in front a small steep outwash 
apron, below which begins the deep bedrock 
gorge of Baker Creek — features indicative of 
the youthfulness of the topography produced 
by the second glaciation. 

The glacier of the second epoch occupied 
nearly the whole width of the valley between 
the morainal ridges of the earlier epoch for 
a short time only, as indicated by the small 
lateral moraines along the side of the older. 
It then shnmk to a far narrower stream and 
in this condition persisted much longer, as 
indicated by the comparative sizes of the mo- 
raines. During its final retreat it was subject 
to numerous halts and minor readvances, as 
shown by a complex and rather confused sys- 
tem of small moraines. 

The total amount of morainal material laid 
down during the second glacial epoch is small 
in comparison to that deposited during the 
first. From this may be drawn the deduction 
that 'though the morainal ridges of the earlier 
glacial epoch can not be traced lower than 
9,400 feet (to which level the later glacial ad- 
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vance also extended) they probably really ex- 
tended considerably lower. It seems the more 
reasonable to suppose this from the fact that 
the glaciers of the earlier epoch are known 
definitely to have descended to considerably 
lower altitudes on Bishop and Big Pine creeks 
than did the glaciers of the later epoch. The 
great sheet of morainal gravels covering the 
divide between Baker and Big Pine creeks 
may therefore be in part the deposit of a 
glacier from Baker Creek. 

If the deduction is valid that the earlier 
glacier extended down the canyon of Baker 
Creek it follows from the great revolution 
in the topography, from the complete de- 
struction of all other evidence of this ice ad- 
vance, and from the replacement of the char- 
acteristic U-shaped valley by the present sharp 
V-shaped gorge, that the age of the earlier 
glaciation is very considerable. This is in con- 
sonance with the endence offered by the ad- 
vanced disintegration of the older moraines, 
but in the opinion of the writer it is far more 
convincing. 

CIRQUES NORTH WE8T OF BAKER CREEK. 

A number of small cirques, notable for their 
symmetry, indent the upland surface north- 
west of Baker Creek. They are well shown 
on the map of the Mount Goddard quadrangle. 
Although these cirques are very small com- 
pared to others in the region the moraines as- 
sociated with them are disproportionately 
large. In fact, the moraines appear to be 
roughly equal to the volumetric capacity of 
the cirques. This equivalence is manifestly 
due to favoring topographic conditions. The 
cirques open on a broad plain and this has evi- 
dently caused the small glaciers that deployed 
upon this plain to deposit most of their de- 
tritus and has prevented its removal by glacial 
streams. 

These moraines show that relatively large mo- 
raines may be produced by the erosion of small 
circjues, that a favorable locus of deposition is 
necessary for the formation of morainas, and 
that tho volume of a moraine does not neces- 
sarily give rjiiantitative data on the amount of 
glacial erosion. 

U\(l ITNK CREKK. 

Oh/rr iiioj'dhKH. — The most extensive of the 
oM<*r iiioniiiies are on lVi«r Pine Creek. The 



glacier of the earlier epoch here descended, as 
shown by evidence of the most emphatic kind, 
to an altitude of 5,000 feet, the lowest descent 
so far discovered on the east flank of the Sierra 
Nevada. Probably it flowed down to 4,500 
feet, though the evidence for this is not un- 
equivocal, and it may have even extended some- 
what lower. 

A thick sheet of morainal gravels mantles 
the divide between Big Pine and Baker creeks 
and extends continuously from 10,500 down 
to 4,500 feet, where it merges with the alluvial 
cone flanking the range, as already partly 
described. A thickness of 600 feet is indicated 
in places. 

The morainal gravels of the older epoch, as 
exposed between 4,500 and 5,000 feet, near 
their juncture with the alluvial cone, are un- 
sorted and unstratified and contain numerous 
boulders of rotted granite, the largest 5 feet in 
diameter. Some poorly striated pebbles were 
found, without which it would be impossible 
to decide as to the alluvial-cone origin or 
glacial derivation of the gravels. At an alti- 
tude of about 5,000 feet, just below the bridge 
over Big Pine Creek, unimpeachable evi- 
dence of former glaciation was found on a 
large outcrop of granite cut by aplite dikes, 
which projects through the gravels. The 
granite, although much affected by exfoliation 
and disintegration, still retains a broad, finely 
polished surface, and the aplite shows polished 
surfaces abundantly striated. These polished 
and striated surfaces are the only ones found 
along the east flank of the Sierra that are 
referable to the earlier epoch of glaciation, and 
their preservation at this locality is undoubt- 
edly due to the recency with which they have 
been uncovered by erosion and subjected to 
weathering. 

The gravels consist mainly of granitic mate- 
rial, with some basalt of vesicular, augitic, and 
olivinitic facies. The basalt fragments are of 
peculiar importance in deciphering the glacial 
history of the region, for they are practically 
the only kind found in the moraines that retain 
glacial striae. No basalt occurs in the moraines 
of the later glacial epoch, and no basalt can 
be found in place within the drainage basin 
of Big Pine Creek, indicating that possibly 
the intense glacial activity of the earlier epoch 
completely covered or removed all basalt flows 
of preglacial age. 
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Granite blocks, at least 25 feet long and 15 
feet thick, occur in the gravels, but those 6 
feet in diameter are most common. Manj of 
the large granite blocks lying on the surface 
of the moraines have been disrupted by insola- 
tion and show an astonishing evenness of frac- 
ture planes. In size and in evenness of frac- 
ture they compare with those from the Ethi- 
opian Range described by Walther.* 

Sorted or rounded gravels are not conspicu- 
ous, but sporadic water- worn pebbles and cob- 
bles are associated with the angular material 
that makes up the bulk of the moraine. 

The gravels have lost the topographic aspect 
of moraines. They have, moreover, been con- 
siderably dissected by erosion, as is best shown 
in the foothills between Big Pine and Baker 
creeks. Gulches, several hundred feet deep, 
have here cut batk into them and. afford fine 
sections of the deeper lying gravels. These 
cuts show in an impressive, way the marked 
disintegration of the constituent boulders of 
the moraine, the extent of which would not be 
fully appreciated from examination of the gen- 
eral surface features of the old moraine. Many 
boulders, as much as 5 feet in diameter, are 
so disintegrated that they crumble under the 
fingers. They are, as it were, mere disintegra- 
tion pseudomorphs after the original boulders. 
In composition they are granitic, but fortu- 
nately sporadic pebbles of basalt are associated 
with them, some of which retain glacial striae, 
thus establishing beyond doubt the morainal 
character of the gravels. 

Later glacial records. — Two lateral moraines 
referable to the later glaciation lie on Big Pine 
Creek on the north side of Sage Flat. The 
crest of the lower is 400 feet above the flat, as 
measured at the upper end, and the higher is 
650 feet. The upper moraine, which is par- 
ticularly well marked, consists of large angular 
granite boulders, and contrasts strongly with 
the older moraines, upon which it rests to the 
north. Boulders of the same granites in the 
older moraine have neither the sharp angu- 
larity nor the brilliant freshness that distin- 
guish the boulders on the lower moraines; they 
have taken on an orange tint and are not un- 
commonly pitted with irregular cavities, and 
in other respects are notably different. The 

^Walther, Johannes, Das Gesetz der WttstenbUdung, 2d 
ed., pp, 132, 133. 1912. 
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older morainal sheet here extends to a height 
of 1,100 feet above Big Pine Creek, ]\:st double 
the height of the lateral moraines of the later 
glaciation. 

From an altitude of 6,800 feet, the lowest 
limit of the later glaciation, a broad alluvial 
terrace extends downstream. Apparently a 
thick mass of outwash gravel was laid down 
beyond the front of the glacier, and into this 
deposit postglacial erosion has caused the pres- 
ent stream to sink its channel to a depth of 
75 feet. 

Toward the head of Big Pine Creek the gla- 
cial character of the canyon is more and more 
pronounced. The series of six stepped tarns on 
the headwaters of North Fork afford a fine 
illustration of the peculiarities of ice erosion. 
The lake basins, each lying behind its rock 
barrier, are clearly, as John Muir phrases it, 
eroded from the solid. They also show, in a 
highly convincing way, the strong local con- 
trol that is exercised on glacial sculpture by 
jointing. 

The headwater basin of North Fork, with 
its encircling ridges, suggests a huge relatively 
shallow cirque, below the general level of whose 
floor are sunk deep glacial troughs, each 
stepped with rock-rimmed tarns andjeach head- 
ing in its own cirque. This peculiar relation 
suggests that the large cirque has resulted from 
the erosive work of the earlier glaciation, and 
that the entrencliment of the relatively nar- 
row troughs and the cirques in which they head 
is the work of the later glaciation. The hyp- 
sometric position of the earlier moraine — ^that 
is, the fact that its up- valley end lies 1,500 
feet above the present valley floor — also seems 
more in harmony with this supposition, which 
carries with it the conclusion that this moraine 
was deposited by a glacier occupying a channel 
whose floor was considerably higher than that 
of the present valley. 



RIRCH CREEK. 



On Birch Creek,* the next large stream 
south of Big Pine Creek, the contrast between 
the older and 3"ounger moraines is well shown. 
The gravels of the earlier glaciation extendi 
down to 7,000 feet ; those of the later down to 
7,500 feet. A series of thick moraines lying 

'There are two Birch creeks in the Bishop quadrangle. 
This is the southern. 
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within the lateral moraines marking the far- 
thest advance of the last glaciation gives evi- 
dence that the retreat vas interrupted by dis- 
tinct halts. 

KED MOUSTAIN AND TABOOSE CEEEKS. 

Well-defined moraines, which, owing to 
their undissected condition are referred to the 
later glaciation, do not extend below an alti- 
tude of 7,500 feet on Ked Mountain Creek. 
But at the mouth of the canyon a deposit of 
coarse glacial gravels, extending down to 
6,500 feet, seems referable to the earlier glacia- 
tion. It is noteworthyt as affording some 
measure of the time that has elapsed since the 
earlier glaciation, that the stretch of canyon 
between the upper and lower deposits of mo- 
rainal gravels retains no evidence of having 
ever been occupied by ice. 

At tlie mouth of the canyon of Taboosc 
Creek a deposit of gravels that extends out 
upon the great piedmont alluvial cone down to 
an altitude of 5,700 feet seems referable, like 
that at the mouth of Red Mountain Creek, to 
the earlier glacial epoch. The lowest altitude 
at which unequivocal evidence of ice action 
wn^ found, in the shape of x>o]>^^l bedrock, 
is 6.200 feet. 
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The glacial features on Sawmill Creek are 
unusually interesting in tliat a portion of the 
glacial history can here be linked with a chap- 
ter in the volcanic history of the region. And, 
furthermore, among all the profound canyo'LS 
incised in the great escarpment of the Sierra 
Nevada, none shows in more impressive fash- 
ion the striking contrast between its glaciated 
and unglaciatcd portions. 

A flow of busult, accompanied by some cin- 
ders, was emitted in the canyon at an altitude 
of 7,800 feet and flowed down to its mouth at 
.(,000 feet. Thobasalt and cinders partly cover 
an old lateral moraine, probably of the earlier 
glacial epoch. Farther downstream the lava 
flow is itself overed by the superb lateral 
moraine that is so prominent on the north side 
of this part of the canyon, and that, from its 
ideal preservation, is obviously a product of 
the later glaciation. It extends down to an 
altitude of GJiOO feet. The contact with the 



underlying basalt is in places well exposed, 
and where examined unexpectedly showed that 
the acoriaceous crust of the lava sheet had 
neither been smoothed nor striated. 

In the stretch of canyon below the moraine 
the basalt flow has been largely r«noved by 
erosion, but in places some of it still remains 
welded to the canyon walls. (See fig. 6 and 
PI. XXm, A). The flow, which was about 




200 feet thick, has been completely cut through. 
The eruption of the basalt flow and the slight 
ejection of the cinders was, in the nature of 
things, a paroxysmal event and occupied only 
a brief geologic moment, probably during in- 
terglaclal time. The dissection and nearly 
complete removal of its 200 feet of thickness 
required, however, a considefable lapse of time 
since eruption, though it must be conceded that 
the flow, filling the bottom of a profound can- 
yon, occupied a site of most intense erosive 
activity.. 



Patches of old moraine belonging to the 
earlier glacial epoch rest upon the basalt that 
occurs on the south side of North Fork. The 
basalt is therefore older than that on Sawmill 
Creek, which is probably of interglacial age, 
and is to be correlated with that on the south 
side of Bishop Creek and that represented by 
the large quantities of debris in the old mo- 
raines on Bishop and Big Pine creeks. The 
basalt of North Fork flowed out over the allu- 
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vial cone, and thus recorded the fact that the 
cone had attained essentially its present dimen- 
sions in prebasalt time and consequently in pre- 
glacial time. As the alluvial cone was almost 
wholly built in preglacial time, its material was 
not furnished by glacial erosion. Trowbridge,^ 
on theoretic grounds, had regarded the up- 
building of the alluHal cones as due largely to 
rapid supply of debris furnished by glacial 
erosion. 

The largest remnant of morainal gravel of 
the earlier glaciation caps the basalt ridge at 
an altitude of 7,200 feet, about 500 feet above 
the present stream. 

The well-preserved lateral moraines of the 
later glaciation descend on North Fork to 6,500 
feet. The breaching of these moraines caused 
the deposition of gravels and boulders in the 
valley cut in the alluvial cone. 

Both sides of the north branch of South 
Fork are flanked by fine moraines which ter- 
minate downstream at an altitude of 7,300 feet. 
A remnant of an older moraine extending far- 
ther downstream is found here also. 

INDEPENDENCE CREEK. 

Well-developed lateral moraines, which from 
their degree of disintegration seem referable to 
the earlier epoch of glaciation, extend down to 
the mouth of the canyon of Independence 
Creek at an altitude of 6,400 feet. Two miles 
below the end of the moraines, at an altitude 
of 5,200 feet, a. puzzling feature appears. A 
knob of felsitic porphyries and breccias, which 
projects through the alluvial cone to a height 
of about 100 feet, bears, perched well up on its 
side, ^ratic granite boulders^ some of which 
are 15 feet in diameter and are comparatively 
well preserved. If they were carried there by 
ice, which, indeed, seems the simplest explana- 
tion of their anomalous position, the glacier 
must have descended 2 miles upon the pied- 
mont alluvial slope. Of this advance, how- 
ever, no other evidence was obtained, and the 
problem suggested by this discovery must await 
a more detailed study. 

LONE PINE CREEK. 

From 8,000 feet up, the canyon of Lone Pine 
Creek is an open U trough, whose floor is 

* Trowbridge, A. C, Terrestrial deposits of Owens Valley, 
Cal. : Jour. Geology, vol. 19, p. 745, 1011. 



stepped by a number of "cyclopean treads"; 
below 8,000 feet, to the mouth of the canyon 
at 6,500 feet, the canyon is a deep, narrow 
gorge. 

Fine lateral moraines, 300 feet high, belong- 
ing to the last epoch of glaciation, extend 
down to about 7,500 feet. Although the 
stretch of canyon below this fails to show, 
either by glacial scorings or by^ its configura- 
tion, any clear evidence of having been ocf- 
cupied by ice, nevertheless morainal material 
extends along its sides down to its debouchure 
on the piedmont slope. These older gravels 
are best preserved on the south side of the 
canyon, for only small remnants are left 
perched on the precipitous walls of the north 
side. They consist largely qf coarse angular 
blocks of the porphyritic variety of quartz 
monzonite — ^that is, studded with large crystals 
of orthoclase — and are much disintegrated. 
Coarse angular unsorted material, consisting 
of blocks as much as 10. feet* in diameter, makes 
up the bulk of the gravels, but, like other 
morainic material in the region, they contain 
sporadic small well-roimded pebbles. 

The height attained by the gravels, at the 
very mouth of the canyon, is 500 feet above the 
present stream, a fact from which some note- 
worthy inferences can be drawn. The glacier, 
having had so considerable a thickness at the 
mouth of the canyon, probably extended some 
distance out on the alluvial cone; and, it seems 
reasonable to infer, would have built itself a 
terminal moraine commensurate in size with 
the lateral moraines. But no vestige of one 
now remains. 

Lone Pine Creek has cut a bedrock sluice 100 
feet deep into what appears to have been the 
general level of the floor of the canyon in early 
glacial time. The depth of this incision may 
possibly afford a measure of the time that has 
elapsed since the early glaciation,* but as chan- 
nels incised in canyon floors by subglacial 
streams are common in the Sierra Nevada it is 
not always possible to evaluate accurately the 
amount of downcutting ascribable to post- 
glacial erosion. 



DIAZ CREEK. 



Evidence of only the later epoch of glaci- 
ation was obtained on Diaz Creek. The cirques 

2 Knopf, Adolph, Sketch of the geology of Mineral King : 
California Univ. Dept, Geology Bull., vol. 4, p. 234. 1905. 
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are well developed. The moraines, which are 
relatively large in view of the small gathering 
grounds, terminate downstream at an altitude 
of S.400 feet. The lack of evidence of the older 
glaciatioQ seems to be due to the fact that in 
such short, steep canyons as that of Diaz Creek 
the intense erosive activity soon obliterates all 
records of glacial occupancy, carrying away 
^en the moraines that had been deposited 
along the steep sides of the narrow canyon. 



COTTOXWOOD CREEK. 



Great symmetrical cirques and strings of 
glacial tarns — the Cottonwood Lakes — distin- 
guish the headwaters of Cottonwood Creek. 
The main ice stream, despite its considerable 
gathering ground, descended to an altitude of 
9.000 feet only. Extensive morainal deposits, 
well shown on the trail to Cottonwood Pass, 
were spread out. 

On the south side of Horseshoe Meadow is a 
moraine — the southernmost in the range — 
which because of its deeply disintegrated con- 
dition is referable to the earlier glacial epoch. 

Twelve miles farther south, on the north 
flank of Olancha Peak, a small cirque, at an 
altitude of 10,500 feet, has a form that is char- 
acteristic of glacial origin, but whether it is 
really such was not investfgated. This thea- 
ter-like indentation near the summit of Olan- 
cha Peak marks the southernmost point in the 
range at which any evidence whatever that 
points to former glacial conditions has been 
found. 

ZYIDEirCE OF GLACIAL EB08I0V. 

It is purposed to assemble, here some of the 
evidence that is afforded by this part of the 
Sierra Nevada on the problem of glacial ero- 
sion. Evidence m regard to the destruction 
of mountain crests by cirque sapping, which is 
displayed on an* extraordinarily grand scale 
along the main divide, has been so ably mar- 
shaled bv Lawson** that further discussion of 
this phase of the problem is unnecessary. 

STEPPED CHAR.%CTER OF THE GLACIATED CANYONS. 

The most notable feature of the glacial 
sculpture of the region — a feature that the 
ascent of any of the canyons in the great es- 
carj/ment of the Sierra Nevada impresses 



^I^vk^^D. A. f'., <;«-oniorphou»*ny of the upper Kern basin: i 
C*:JfvrT..« f r.Iv. I>*pt. f;.-o!oifr Bull., vol. .'i, pp. n4r»-302, 1004. 1 



forcibly upon the observer — is the strong con- 
trast between the lower unglaciated stretches 
of the canyons and the upper glaciated por- 
tions. Such contrasts are displayed in espe- 
cially impressive fashion on Sawmill and 
Shepard creeks. 

The glacial remodeling of a canyon on the 
eastern Sierra Nevada flank has transformed 
it from a deep, narrow gorge into a wide- 
floored valley of gentle grade, ,and this con- 
trast is extraordinarily augmented by great 
transverse cliffs 500 to 800 feet high that rise 
at intervals almost vertically athwart the val- 
ley, each seemingly forming the valley head. 
By these abrupt rises the floor of the valley is 
given a stepped character; it has been con- 
verted, to use RusselPs phrase, into a " cyclo- 
pean stairway" — a rather rough hewn stair- 
way, it is true, but nevertheless so manifestly 
a stairway that the characterizaticm is in gen- 
eral strikingly apposite. 

The radical change from the normal profile 
of the canyon floors to the stepped condition 
of the glaciated canyons indicates that a large 
amount of glacial erosion has taken place. 
Fortunately the region furnishes examples 
both of glaciated and unglaciated canyons, so 
that a basis for determining the amount of 
this erosion is available. The longitudinal pro- 
files of unglaciated canyons are steep but are 
unbroken by falls; they are, in fact, fairly 
smooth curves that steepen rapidly headward. 

This erosion is nowhere' more clearly shown 
than at Onion Valley on Independence Creek. 
The cross wall at the head of the valley marks 
the abrupt rise of the valley floor to the tread 
above; two lateral valleys, whose floors are 
hung high above that of Onion Valley, enter 
diagonally from opposite sides, the trend of 
each making an equal angle with the axis of 
the main canyon. The oblique junctions of the 
two valleys with the main canyon appear to 
preclude the possibility that the step-up of the 
floor of the main canyon and the hanging con- 
dition of the lateral canvons are due to fault- 
ing and strengthen the evidence of glacial ero- 
sion afforded bv the cross wall. 



OL-\CIAL CAPTITIE. 



Glacial capture has been discussed theoreti- 
cally by W. M. Davis.2 who credits the recog- 

2 Geof^raphical essays, p. 603, 1909. 
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nition of the process to Stanislas Meunier.^ 
The possibility of glacial capture was pointed 
out by Meunier, but no example was described 
either by him or by Davis. It appears to have 
been first recognized in the field in the Big 
Horn Mountains by F. E. Matthes,^ who briefly 
refers to an example mapped by him. 

Glacial capture is exemplified in this part 
of the Sierra Nevada. An especially fine ex- 
ample near Bullfrog Lake, west of Kearsarge 
Pass, excellently illustrates the process and 
clearly shows the amount of erosion accom- 
plished by the ice after the capture. West- 
ward from Kearsarge Pass a broad glacial 
valley extends, to all appearance, continuously 
westward. At Bullfrog Luke, however, it is 
found that the south wall of this seemingly 
continuous valley has been widely breached, 
and that the drainage, instead of flowing west- 
ward (as would appear from Kearsarge Pass 
to be its normal course), escapes precipitously 
through this breach to Bubbs Creek, 1,100 feet 
below. (See PI. XXIII, B.) The lower part 
of the beheaded valley is drained by Charlotte 
Creek, and to ascend this stream is to gain an 
even more striking impression of the glacial 
capture of its upper part. For at the " elbow 
of capture " the valley floor descends abruptly 
to the level of Bullfrog Lake, and this dowii- 
stepping of the valley floor upstream is of 
course in remarkable contrast to the normally 
stepped character of glacial valleys. The 
scarp facing upstream thus produced is about 
100 feet high at the axis of the valley. It 
follows, therefore, that after the diversion of 
the upper drainage of Charlotte Creek into 
Bubbs Creek, glacial erosion has lowered the 
floor of the valley at the elbow of capture 100 
feet below that of the lower valley at the point 
of beheadment. 

The cause of this glacial capture is diflBcult 
to find. Tlie flowing of two glaciers in parallel 
channels, one of which was much larger and 
occupied a much deeper channel than the other, 
was of course conducive; but the cause that 
determined the point of attack on the wall 
separating the two glaciers is uncertain. This 
wall was relatively narrow at the place where 
it was finally breached, and it may have 

^Compt. Rend., vol. 124. p. 1043, 1807. 
'Glacial sculpture of the Bighorn Mountains: U. R. Geol. 
8«rvey Twenty-flnjt Ann. Kept., pt 2, p. 178. 1»00. 



been there traversed by an uncommonly closely 
spaced system of joints; indeed, the narrowness 
of the wall may have facilitated the develop- 
ment of jointing. Throughout this area local 
differences in the intensity of jointing are 
marked. Somewhat below the point where the 
stream draining Lake Bullfrog enters Bubbs 
Creek — above the mouth of Charlotte Creek — 
magnificent cliffs of monolithic granite rise 
sheer to heights of 2,500 feet ; but elsewhere the 
granite is jointed, and tliis may well have been 
the condition at the 'point of breaching. 



INFLUENCE OF JOINTING. 
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The influence of jointing on glacial erosion 
is most strikingly shown by the peculiar upper 
perimeter of the cirque 
south of Army Pass. This 
cirque has been cut back 
from the east into a rela- 
tively flat and unglaciated 
upland, so that it is possible 
to walk along the upper 
edge of its sheer walls. 
The numerous large and 
small reentrants that make 
up the detailed pattern of 
the upper perimeter of the 
cirque are shown in part in 
figure 7. The granite is 
traversed by three systems 
of jointing — two vertical 
and one horizontal — and 
the walls of the cirque are 
prevailingly parallel to a 
well-developed joint system 
trending N. 80° E. and 
dipping 80° S. Single joint planes commonly 
form the faces of cliffs several hundred feet 
high. The complex system of deep reentrants 
seems to prove that the plucking of joint blocks 
was the dominant factor in the formation of 
this cirque. 

The control exerted by jointing is also well 
displayed at the Big Pine Lakes— a string of 
six rock-rimmed tarns at the head of Big Pine 
Creek. At the third lake a vertical jointage 
trending N. 45° W. has markedly controlled 
the course of glacial erosion, vertical cliffs 
over 100 feet'high having been produced paral- 
lel to the joint system and long, narrow 
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FiouRE 7. — Detail of a 
part of the upper pe- 
rimeter of the cirque 
south of Army Pass, 
Col. 
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trenches, bounded by vertical joint faces and 
as much as 6 feet deep, clearly indicative of 
ice plucking, having been excavated on the 
summits of roche moutonnee ridges. The rock 
barrier between the second and third lakes is 
composed of granite of nearly monolithic 
character, being traversed by a very widely 
spaced system of jointing, which strikes N. 
40® E. Glacial action availed itself of this 
system and eroded out a number of long, nar- 
row troughs, one of which now forms the out- 
let of the lake. The rock dam is rounded and 
smoothed, with well-developed roche moutonnee 
forms, on whose backs are i>erched various 
erratic blocks. 

On the whole, the conclusion seems justified 
from a study of this part of the Sierra Nevada 
that ice erosion has taken place mainly by the 
plucking and removal of joint blocks, and that 
therefore jointage has greatly facilitated the 
process. On the other hand, however, it ap- 
pears that the systems of jointage have exerted 
no great directive control on the geomorphic 
evolution of the region and have determined 
the pattern of only minor sculptural features, 
such as outlets and troughs across the rock 
barriers of the glacial tarns. 



HANGING VALLEYS. 



According to Lawson, the canyon of the 
Kern, distinguished by its great depth, merid- 
ional trend, and remarkable straightness, is 
an erosional trough developed along a rift val- 
ley. "Probably only a minor proportion of 
the cross section of the canyon," he says, " is 
to be accounted for by the process of engulf- 
ment of graben wedges or slabs, and the most 
of it has been removed by the ordinary proc- 
esses of stream erosion." ^ The canvon is thus 
explained as essentially a stream- wrought val- 
ley whose remarkably straight course was de- 
termined bv tectonic control. 

During late Pleistocene time the canyon of 
the Kern was occupied by a trunk glacier 24 
miles long that extended down to an altitude 
of 6,500 feet. The extent to which glacial ero- 
sion enlarged the canyon is of importance in 
considering the origin of effually profound 
canyons, such as those of Bubbs Creek and 



1 I^awsoD. A. C, The Kcomorphogeny of the upper Kern 
haKin : California Univ. Dept. Geology Bull., vol. 3. p. 343, 
1904. 



South Fork of Bishop Creek, in this part of 
the Sierra Nevada. 

Lawson concludes that the glacial widening 
of the canyon is negligible. He assumes that 
the material shed upon the surface of the gla- 
cier would all accumulate in the terminal mo- 
raine, and from the volume of the moraine he 
deduced that the glacial widening amounts to 
onlv a few inches. 

The argument based on the incommensurate 
size of moraines is much favored by those de- 
nying great erosive power to ice streams.* 
They who use it, however, seem unaware of 
the inconsistencies in which they become in- 
volved. Russell, for example, believes in the 
glacial origin of cirques and rock basins but 
disbelieves in that of U canyons. Moraines, 
he says, are too small to account for the U 
canyons. But, he admits, "it is difficult to 
draw a definite line between a glacial cirque 
and the canyon leading to it."' Here, then, 
are a number of inconsistencies that it is 
hardly necessary to enumerate. Lawson, after 
graphically describing the glacial reduction of 
mountain crests to the extent of 1,000 feet or 
more and the obliteration of large plateau sur- 
faces by cirque sapping, notes "that in gen- 
eral the alpine glaciers of these mountains 
seem to have developed but feeble terminal 
moraines." Tliis discrepancy between the 
amount of glacial erosion indicated and the 
size of the terminal moraines is left unex- 
plained. 

It seems to the writer, from field experience 
in Alaska, that the argument based on the 
size of moraines, if not indeed fallacious, is 
at least to be used with utmost caution. The 
great glaciers of Alaska as a rule show no 
large terminal moraines. The streams emerg- 
ing from the glaciers have built extended flood 
plains, 1 mile to 3 miles wide, over which they 
flow in a complexly braided system of chan- 
nels. They are laden with silt and move great 
quantities of coarse detritus; in the after- 
noons — the period of diurnal high water — the 
boulders can be heard bumping downstream. 
The conclusion is obvious that the glaciers are 
furnishing large amounts of debris, that the 
streams are able to transport this material 

2Ru88oll. I. C, Quaternary history of Mono VaUey, Cal: 
U. S. (Jeol. Survoy Klifhth Ann. Kept., pt. 1, p. 350, 1889. 
* Idem, p. 354. 
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away from the ice edge, and that although the 
glaciers are active agents of erosion, no im- 
portant terminal moraines are being formed. 

Some specific* examples may be cited. The 
Kennicott Glacier, a large ice stream on the 
southern slope of the Wrangell Mountains, has 
remarkably little moraine around its*edges; al- 
though the terminus of the glacier is covered 
with detritus the streams remove this as fast 
as it is dropped by the ice and in many places 
are cutting into the glacier itself.* Even more 
striking are conditions at the great Kahiltna 
Glacier on the southern flank of the Alaska 
Range,' which, as shown by its relation to 
timber and vegetation, has been stationary at 
its present position for some time. This glacier 
is discharging detritus from its surface so ac- 
tively that it is dangerous to walk near its 
edge, despite which it is building no terminal 
moraine, the glacier-born streams being able 
to carry off all the detritus as rapidly as it is 
furnished. 

These Alaskan glaciers terminate in broad 
valleys of comparatively low gradients. Where, 
however, glaciers that, like those of the Sierra 
Nevada, terminate in profound U troughs with 
gradients of 200 to 500 feet a mile, the condi- 
tions must be far more effective for exporting 
glacial detritus. Such canyons form natural 
sluices, through which the glacial detritus must 
inevitably be swept. Under these conditions 
the accumulation of a moraine is essentially 
adventitious. 

The scale of the glacial erosion on the west- 
em slope of the Sierra Nevada is immensely 
greater than on the eastern slope. This is most 
strikingly exemplified in the region of Taboose 
Pass. West of the pass is the great wide cirque- 
scalloped basin of South Fork of Kings River, 
formerly occupied by an ice stream 1,300 feet 
thick ; downstream the glacial channel becomes 
narrower and deeper until it becomes one of 
the great canyons of the range. But despite 
the grand scale of this glaciation moraines are 
absent or insignificant. So, also, on Bubbs 
Creek, the south branch of South Fork of 
Kings River, whose canyon is even more pro- 
found than that of the Kern, moraines are ab- 



^Mofflt, p. H., and Capps. S. R., Oeolojsy and mineral re- 
■ources of the Nlzina district, Alaska : U. S. Gcol. Survey 
Bull. 448, p. 48, 1911. 

■Capps, S. R., The Tentna district. Alaska: U. S. Geol. 
Surrey Bull. 534, pis. 3, 10, 1913. 



sent. On the other hand, moraines are much 
more common and are of larger size on the east 
flank of the range, especially whore, as west of 
Bishop, the glaciers extended out upon the 
piedmont slope. In other words, morainal ac- 
cumulations in glacial canyons are in nowise 
proportional to the amount of glacial erosion. 

From convergent lines of evidence, then, the 
conclusion is driven home that the volume of a 
terminal or other moraine does not necessarily 
measure quantitatively the amount of the gla- 
cial erosion of the canyons and cirques from 
which it was derived. 

To return to the problem of Kern Canyon : 
Although Lawson decides that the widening 
of this canyon by glacial erosion is negligible, 
he leaves in abeyance its deepening by that 
process. It seems a fair inference, however, 
from the nature of the argument he uses in 
deducing the amount of glacial widening, that 
he considers the deepening also negligible. 
This conclusion, however, is irresistibly op- 
posed by the evidence afforded by the hanging 
condition of the lateral valleys. The Kern, as 
shown by Lawson, is essentially a stream- 
wrought valley ; and the hanging valleys along 
it are therefore not of diastrophic origin. Nor 
is their hanging character due to faster down- 
cutting of the master stream, for the tributary 
streams, below the glacial limit, have cut down 
to its bottom.* Little Kern River, for exam- 
ple, enters at grade; like the main Kern, it is 
bordered by high hanging valleys along its up- 
per course, but below the lower limit of glacia- 
tion all its tributaries enter at grade.* 

It is necessary, then, to conclude that the 
hanging character- of the upper tributary val- 
leys of the Kern is due to glacial erosion. The 
Kem-Kaweah River is hung up several hun- 
dred feet and Tyndall Creek and other afflu- 
ents from the east a thousand feet or more. 
The discordance in the height of the tributaries 
seems roughly proportional to the probable 
size of the ice streams that occupied them. 

Similar features occur in other canyons of 
the region. Bubbs Canyon, somewhat deeper 
than that of the Kern, can not, because of its 
sinuous course, be explained as a rift valley or 
as a valley eroded along a rift zone. Those of 

'Lawson, A. C op. clt, pi. 35, Ti. 

* Knopf, Adolph, and Thelen, Paul, Sketch of the geology 
of Mineral King : California Univ. Dept. Geology Bull., vol. 4, 
p. 232, 1905. 
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its tributaries (East Fork, for instance) that 
supported ice streams equal in size to those of 
the main stream enter at grade ; but smaller af- 
fluents join discordantly; Charlotte Creek, for 
example, is hung up nearly 2,000 feet. The 
canyons of South Fork and Middle Fork of 
Bishop Creek, having essentially equal catch- 
ment areas, unite at grade, but North Fork, 
which is considerably smaller, enters Middle 
Fork 500 feet above grade. The hanging val- 
leys of this part of the Sierra Nevada therefore 
point strongly to the efficacy of glacial erosion. 

CORRELATION OF GLACIAL EPOCHS, 

Evidence of more than one epoch of glacia- 
tion on the western sloi>e of the Sierra Nevada 
has not been generally recognized. Turner,^ 
however, describes on the upper Stanislaus 
River moraines that he believes were laid down 
during two widely separated glacial epochs. 
Lindgren,* in describing the western slope of 
the range, says : " While it is pr9bable that the 
glaciers receded and advanced several times, it 
can not be said that decisive evidence has been 
found in favor of two or more definite divisions 
of the period." 

RusselP had previously recorded his belief 
that two epochs of glaciation are indicated on 
the eastern slope of the range, but his evidence 
is weakened by not being assembled in one 
place in the text, and, when critically exam- 
ined, is not wholly convincing. His main con- 
clusion * is that " the two best-defined advances 
of the Sierra Nevada glaciers and the two 
high-water stages of the Quaternary lake at 
Mono Valley are believed to correspond in time 
with the two high-water stages of Lakes Bon- 
neville and Lahontan.*"* 

Gilbert has carefully discussed the interrela- 
tion of the glacial history of the Wasatch 
Range and the Sierra Nevada with the lacus- 
tral history of Lakes Bonneville, Lahontan, 
and Mono. He states, from first-hand observa- 
tions, that although proof of two high-water 
stages of Mono Lake had not been satisfacto- 

1 Turner, IT. W., F. S. Oeol. Purvey Geol. Atlas, Big Trees 
folio (No. 51), p. 5, 1898. 

« Lindgren, Waldemar. U. S. Geol. Survey Geol. Atlas, Col- 
fax folio (No. 66). p. 7, 1900. 

» Russell, I. C, Quaternary history of Mono Valley, Cal. : 
U. S. Gool. Survey Eighth Ann. Kept., pt. 1, pp. 339, 341, 346, 
360, 1889. 

* Idem, p. 371. 



rily established he is decidedly inclined to re- 
gard the maximum flood of the Mono basin as 
the equivalent and contemporary of the maxi- 
mum flood in the basins of Lakes Bonneville 
and Lahontan..^ As a result of his inquiry into 
the glacial and lacustral history of the Great 
Basin province he concludes that the glaciation 
and the expansion of the three lakes were co- 
ordinate and synchronous results of the same 
climatic changes and that " it follows as a cor- 
ollary that the glacial period of the Sierra 
Nevada, the Wasatch, and other mountains of 
the western United States was divided into 
two epochs separated by an interglacial epoch, 
and this has not been independently shown."* 

The evidence gathered during the present 
reconnaissance of the east flank of the range 
from Bishop south to Owens Lake seems to 
leave little doubt that two epochs of glaciation 
are represented. Also, in the vicinity of 
Bridgeport, north of Mono Lake, W. D. John- 
son has found* evidence of two epochs of gla- 
ciation, but his observations have not been pub- 
lished. The results of both these investigations 
therefore confirm KusselPs conclusion that two 
distinct glacial epochs can be recognized on the 
east flank of the Sierra Nevada. Further 
corroboration of the results reached on the 
east slope of the range is found in the highly 
important recognition by Calkins and Matthes ^ 
of two epochs of glaciation in the Yosemite 
National Park. 

It can therefore be said that Gilbert's corol- 
lary, so far as it applies to the Sierra Nevada, 
has now received independent confirmation 
from the recent investigations in the range. 
It has previously been confirmed for the Wa- 
satch Moimtains by Atwood.* 

The correlation of the lake history with the 
glacial history, as determined in the Sierra 
Nevada, can now be carried somewhat fur- 
ther. The duration of interglacial time was 
found to be considerably longer than that of 
postglacial time, a conclusion that accords 
with Gilbert's determination that "the inter- 
Bonneville epoch of low water was of greater 
duration than the time that has elapsed since the 

» Gilbert, G. K., Lake Bonneville : U. S. Geol. Survey Mon. 1, 
p. 306, 1890. 

* Idem, p. 315. 

* Oral communication. 

■Atwood, W. W., Glaciation of the Uinta and Wasatch 
mountains: U. S. Geol. Survey Prof. Paper 61, pp. 01-92, 
1900. 
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final desiccatiofi." i Of the two epochs of high 
water, the first l&fited at least five times as 
long as the second. TUis is paralleled by tKe 
glacial record. The extensive moraines of the 
first epoch of glaciation cleaily indicate that 
its duration was far greater than that of the 
second — probably at least five times as great 
In one respect, however, the glacial and Ucus- 
tral histories seem not to run parallel. IV 
glaciers of the first epoch not only persisted 
far longer than those of the second epoch but 
also descended to considerably lower altitudes : 
the first epoch was the epoch of maximum 
glacial expansion. Of the two epochs of lake 
expansion, however, the second, although the 
shorter, showed the greater effect, for in it the 
waters rose sufficiently to cause Lake Bonne- 
ville to overflow. 

SUMMARY OF GLACIAL HISTORY. 

After the great alluvial cones flanking the 
Sierra Nevada escarpment had attained essen- 
tially their present size glaciers conmienced to 
flow from the recesses of the range. It is prob- 
able, therefore, that the beginning of this, the 
earliest epoch of glaciation recognized, corre- 
sponds in time to the first expansion of LaJke 
Bonneville, which, as shown by Gilbert,' oc- 
curred after the building of the great alluvial 
cones of the Wasatch escarpment. This is but 
another fact pointing to the close parallelism 
between the glacial and lacustral history of the 
Great Basin. 

Some of the glaciers on the east slope of the 
Sierra Nevada descended to the mouths of the 
canyons and probably deployed to an unknown 
extent upon the piedmont alluvial slope. The 
lowest altitude to which it is certainly known 
that they descended is 5,000 feet. AVhere the 
glaciers emerged from the confining canyons 
into more open country, as they did on Bishop 
and Big Pine creeks, they deposited extensive 
moraines. 

An epoch of milder climatic conditions, dur- 
ing which the ice probably disappeared, then 
intervened, to be followed by a renewal of gla- 
ciation. That the interval between the first 
and second epochs was long is indicated by the 
advanced disintegration of the boulders in the 
older moraines, by the pronounced modifica- 

1 Gilbert. G. K., V. S. Geol. Survey Mon. 1, p. 316, 1800. 
' Idem, p. 221. 



tion of the form of the older moraines, and 
more especially by their deep dissection. As to 
its duration, some data of a roughly quantita- 
tive character are obtainable on. Birch Creek, 
north of Bishop Creek, where it is estimated 
interglacial time was three to five times as long 
as postglacial time. During the interval be- 
tween the two epochs of glaciation a flow of 
olivine basalt, accompanied by an ejection of 
cinders, was emitted on Sawmill Creek. 

The ice streams of the second glacial epoch 
were much shorter lived than those of the first 
epoch and did not reach as low altitudes. The 
perfect preservation of the moraines they built 
attest the recency of their retreat. So recent 
or so slow has been this retreat that a number 
of small glaciers still linger in the Heads of 
the cirques on the upper waters of Big Pine 
Creek. These residuary ice masses have been 
considered the most southerly in the United 
States, but the small glacier in latitude 36^ 
35', near Mount Whitney, now seems to be the 
farthest south. 

MINERAL RESOURCES. 
CHABACTEE. 

The mineral resources of the region occur 
chiefly in the Inyo Bange. They comprise 
argentiferous galena, zinc carbonate, gold, and 
copper. The Cerro Gordo mine, in the south- 
em part of this range, has yielded more silver- 
bearing' lead ore than any other mine or dis- 
trict in California, and still maintains its pre- 
mier position. Marble is the only nonmetallic 
resource of commercial importance, but in late 
years the quarries have not been worked ; pos- 
sibly the recently improved railroad facilities 
may revive this industry. 

Mining along the eastern slope of the south- 
ern Sierra Nevada was practically limited in 
1913 to work at the Bishop Creek gold mine.* 

HISTORICAL NOTE. 

Mining began in the region in 1861, when 
the Russ mining district was established in 
the. Inyo Range east of Independence. From 
1869 to 1877 the industry was very active, 
for it was then that Cerro Gordo was yielding 

• Since this was written large deposits of contact-metamor- 
phlo tunpsten ore have been found west of Bishop and have 
been eneriaretlcally developed. (See Knopf, Adolph, Tunpsten 
deposits of northwestern Inyo County, Cal. : U. 8. Geol. Sur- 
vey Bull. 640, pp. 229-240, 1917.) 



106 



GEOLOGIC RECONNAISSANCE OP INYO BANGE. 



its Inrge output of base bullion. The com- 
pletion of the Ctilorailo & Carson Railroad to 
Keeler in the early eighties stimulated min- 
ing to some extent, although not so much as 
was expected, and the i-egion never regained 
the prominence it held during the first years 
of C'erro Gordo. About 1907 interest in the 
mineral deposits of tlie Inyo Range revived, 
the most notable result of which has been the 
development of zinc ore at the Cerro Gordo 
mine. In recent years this mine has yielded 
practically the entire output of metal in the 
region — zinc, lead, and silver. 

In the sixties considerable excitement was 
aroused by the discovery of rich silver ore in 
the Ivearsarge diwtrict high on the slopes of 
the Sierra Nevada west of Independence, A 
number of mills were built on Independence 
Creek, but these have long ago fallen into 
ruinS; and little work in excess of the annual 
assessment requirements has been done in the 
district during the last decades. 

OTTO EABOE.* 

QBE DEPoarrs. 

The ore deposits occur most abundantly in 
the southern part of the Inyo Range, from 
which comes the main part of the metallic 
output of the region. This distribution co- 
incides with thiit of the intrusive granite, 
which, as already pointed out, is far more 
abundant in the southern than in the northern 
part of the range. The zinc, lead, silver, and 
copper deposits as a rule are in limestone, but 
the gold deposits seem closely linked to the 
granite, occurring chiefly in the marginal zone 
of the granite masses or in the immediately 
adjacent country rock. Ore deposits have not 
been found in the central portions of the larger 
granitic areas. 

LE.\D-SH.VKR, SILICEOCS SILVER, AXO ZINC ORES. 
OENE&AL CHASACTER. 

Argentiferous galena ores occur at several 
localities in the region, but only at Con-o 
Gordo and vicinity have they yielded a notable 
produclion. All the important ore bodies are 

■ Tlie miHn pan o( thl-i dnscrlrtlnn appearfcl In Knopf. 
Ailolph. MInernI reHoiin-Ps iT tli* Inyo nnd Wlillp m.iiiuluinB. 
cm. : D. S. Geol. BnrTey Bull. 540, pp. 81-120, 1014. 



irregular lenticular masses i;*dbsed in lime- 
stone. 

Oxidation has part)/ altered the galena to 
the carbonate, cer^rtsite, and if the ore origi- 
nally containpJ zinc blende, zinc carbonate 
ores may jiossibly have been formed during 
the prf««ss of alteration. 

^liceous silver ores are also found in the 
7nyo Range, principally in the Belmont dis- 
trict 3 miles southeast of Cerro Gordo, where 
they occur as narrow quartz veins in monzonite 
porphyry. A considerable number of mines 
were worked here about 1870, as described by 
Goodyear' from notes taken by him in that 
year. The Belmont was then the most im- 
portant mine and was yielding each monih 100 
tons of first-class ore, which averaged about 
1G5 ounces of silver to the ton. In 1913 the 
Newsboy was the only mine in operation in the 
Belmont district and was furnishing a high- 
grade siliceoUfi silver ore valued at $100 a ton. 

Zinc ore comi>osed predominantly of the car- 
bonate, smithsonite, occurs at Cerro Gordo; 
in fact, it was the discovery of this ore, whose 
presence was previously unsuspected, that led 
to the recent revival of mining at that camp. 
It has been found nowhere else in the Inyo 
Range. The zinc ore forms pipes and irregu- 
lar masses principally in the limestone footwatl 
of the old galena stoiws; it occurs imme- 
diately below the lead -ore bodies formerly 
worked and extends in places as far as 100 feet 
laterally from them. 

OSIOIM or THE ZIMO ORE. 

The primary ore bodies as a rule have been 
extensively oxidized. During this process sul- 
phates of lead, zinc, iron, and copper were 
formed, together with sulphuric acid, which, 
acting on shale or porphyry, took alumina nnd 
silica into solution. The lead sulphate, being 
insoluble, remained in place and was later 
transformed into ccnisite; the copperalso did 
not travel far but was precipitated as chryso- 
colla or as a basic sulphate. Thus in the first 
stage the zinc and iron were separated from 
the other metals and, being contained in a solu- 
tion moving luider the influence of gravity, 
naturally tended to sink into the footwall of 

•r.oocl.vr'nr, W. \,. Cnllfcrnlii MIn. nun>BU RIabth Ann. 
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the lead ore bullies. Here the solution came 
into contact with th*^ calcitic wall rock and a 
further separation took place. The free sul- 
phuric acid present was immediately neutral- 
ized and the ferric iron was precipitated as 
hydroxide according to the equation 

Fe2(SO),)8+3CaC03+3H20= " .^ 

2Fe (OH ) 3-h3CaSO,+3CO, 

This reaction has been experimentally stud- 
ied by Meigen, who finds that ferric iron is, 
even at 15° C, rapidly and completely precipi- 
tated as hydroxide from its solutions by cal- 
cite.^ He finds further that ferrous iron and 
zinc are precipitated more slowly. According, 
then, to the extent that the iron contained in 
the solution was in the ferric state, the zinc, 
which is later precipitated as carbonate, will 
be proportionately free from iron. 

At Cerro Gordo the zinc ore is as a rule 
remarkably free from iron, indicating, as one 
possibility, that the iron in the downward- 
percolating solutions was mainly in the ferric 
condition. This would be so if during oxida- 
tion there had been available an excess of oxy- 
gen — a condition likely to arise, among others, 
owing to the comparatively smalL amount of 
pyrite that underwpnt oxidation in the primary 
deposits. . 

After the precipitation of the ferric iron the 
ferrous iron and the zinc would be precipi- 
tated as carbonates. At Wiesloch, Baden, for 
example, ferrous carbonate is mingled with 
zinc carbonate in all proportions up to 50 per 
cent, although the main ore bodies are rela- 
tively pure zinc carbonate.^ By subsequent 
oxidation the ferrous carbonate may be con- 
verted to limonite, and in this way iron-stained 
zinc carbonate ores would be produced. The 
separation of the zinc from ferrous iron would 
be determined by two factors — the concentra- 
tion of the solutions in zinc and ferrous iron 
and the relative precipitability of the car- 
bonates of zinc and ferrous iron. The solu- 
bility of zinc carbonates and of ferrous car- 
bonate,' measured in gram equivalents per liter, 
is respectively 1.7 X 10"* and 6.2 XlO-^ From 

* Meigen, W., Beltra^e zur Konntnis des KohleoRauren 
Kallfes : Naturf. Gesell. BYeiburg Ber., vol. 13. p. 78, 1903. 

* Schmidt, A., Die Zinkerz-LapTstHtten von Wiesloch, 
Baden : Naturhist.-Med. Ver. Heidelberg Verb., ncue Folge, 
Tol. 2, p. 3»9, 1880. 

» Data supplied by It. C. Wells, U. S. Geological Survey. 



these figures it can be inferred that the iron is 
more easily precipitable and that this favors 
the segregation of the zinc from the iron. 
When, however, the concentration of the zinc 
becomes high relatively to the iron, both met- 
als must come down together. No experi- 
mental data are available concerning the fi'ac- 
tional precipitation of a mixture of sulphates 
of zinc and ferrous iron by means of calcium 
carbonate, but the geologic evidence seems to 
show that the fractionation as carried out in 
nature is very complete, provided, as already 
pointed out, that the thorough separation of 
the zinc and iron is not due to the previous 
complete precipitation of the iron as ferric 
hydroxide. 

One of the most striking features of the ore 
deposits of Cerro Gordo is the localization of 
the zinc as carbonate in high-grade bodies in 
comparison with the small proportion of zinc 
blende contained in the primary ore. The 
zinc carbonate, as shown in the preceding par- 
agraphs, was derived from the blende by a 
process involving oxidation, solution, migra- 
tion, and precipitation; nevertheless the pro- 
portion of blende in the unoxidized lead 
ore now found in the mine is extremely small, 
ranging perhaps from 1 to 2 per cent. The 
lead ore bodies formerly worked may have 
carried more sphalerite than any ore now 
visible, but this seems unlikely, because in 
no accoimt hitherto published concerning 
Cerro Gordo is the presence of sphalerite 
recorded. It is believed, therefore, that the 
primary ore found now is an index of the 
primary ore occurring formerly in the mine. 
In the shoot of primary ore recently uncovered 
at the surface the galena contains oilly a small 
quantity of sphalerite; nevertheless the galena 
is bordered by a layer of smithsonite several 
feet thick. From a consideration of the fore- 
going; facts it would appear that the zinc, 
sparsely distributed throughout the primary 
lead ore, was effectively segregated and con- 
centrated to a remarkable extent during the 
formation of the secondarv ore. 

Practical deductions, — Some deductions of 
practical importance follow almost obviously 
from a recognition of the principles govern- 
ing the formation and origin of the zinc car- 
bonate ore bodies. Certain of these deductions 
had been recognized at Cerro Gordo as criteria 
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for the search for undiscovered bodies of ore, 
although the theoretic foundations on which 
thev were based were not known. TKese de- 
ductions are, stated summarily: 

1. The zinc carbonate bodies can occur only 
in the marble, most likely in the footwall zones 
of primary lead ore deposits. The largest zinc 
deposits will therefore be found most probably 
in the footwall country rock of the old lead 
stopes. 

2. Zinc ore is especially likely to occur be- 
low bodies of hydrated iron oxide along the 
periphery of the primary ore masses— the iron 
oxide bodies marking the heads of the channels 
along which the sulphate solutions commenced 
to migrate into the limestone wall rock. The 
zinc ore does not necessarily lie vertically below 
these masses of iron oxide ; it may occur diag- 
onally below it, or otherwise, according to the 
structural features of the wall rock. 

3. Conversely, bodies of lead ore, if not 
already mined out, may be found on the up- 
ward extension of zinc ore deposits, above the 
iron oxide masses. 

4. Zinc ore is likely to be found as far down 
as the zone of oxidation extends, the bottom of 
which has not yet been reached. 

The discovery of zinc carbonate ore at Cerro 
Gordo is another striking illustration of what 
has been happening in recent years at many of 
the other silver-lead mining camps in the West- 
em States. Oxidized zinc ores were formerly 
unspught or were thrown over the dumps un- 
recognized ; only in recent years have they been 
recognized or their value appreciated. At 
Leadville the zinc carbonate ores were long un- 
recognized, but Leadville is now the largest 
producer of oxidized zinc ore in Colorado. 
The same is true for the Kelly or Magdalena 
district, in New Mexico; for Yellow Pine, 
in Nevada; and for Cerro Gordo, in Califor- 
nia ; and it may prove true for Tintic, in Utah, 
where the abimdance of zinc ore in the old 
stopes is proving a surprise to operators. 

These facts render it highly probable that 
other valuable deposits of zinc carbonate will 
be discovered in limestone in association with 
galena ore bodies that were formerly worked 
for their lead and silver. As shown bv the oc- 
currence of zinc ore at Cerro Gordo, a fact 
pointed out in the discussion of the origin of 
the ore, the primary ore bodies need not have 



contained a large proportion of sphalerite to 
have given rise to conmiercij*^^ impoilant de- 
posits of zinc carbonate 
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CERBO GORDO MINE. 



Location. — The property now known as the 
Oerro Gordo mine is a consolidation of the 
Union and Santa Maria mines, the two mines 
that furnished the bulk of the output of argen- 
tiferous lead ore to which Cerro Gordo owes 
its fame. The Cerro Gordo has been the only 
notable producer of silver-lead ore in the State 
of California; its resuscitation, however, was 
due mainly to the discovery of bodies of zinc 
carbonate ore, which occur in the footwall of 
the lead ore bodies formerly worked. 

The mine is near the summit of the Inyo 
Range, east of Owens Lake. At the Belshaw, 
or principal shaft, the altitude is 8,500 feet — 
nearlv 5,000 feet above Keeler, the terminus of 
the Nevada & California Railroad. In an air 
line the mine is 5} miles northeast of Keeler; 
by wagon road it is 8 miles, and the grade from 
the valley is steep. The mine lies immediately 
below the bold scarp on the west flank of the 
peak callect Cerro Gordo, which rises to an 
elevation of 9,217 feet and is a prominent land- 
mark as seen from Owens Valley. 

History, — The ore bodies at Cerro Gordo, 
according to Loew,^ who visited the mines in 
1875, were discovered in 18G6 by Mexicans — 
Pablo Flores and his companions. By others 
the date of discovery is given as 1861. Be that 
as it may, the deposits were worked by the 
Mexicans on a small scale only, the ores being 
smelted in galemadorcs (inclined reverberatory 
furnaces) and the district did not beccmie no- 
tably productive until its mines weretak«i over 
by Americans in 1869, when four furnaces were 
built. The Union mines came into the posses- 
sion of M. W. Belshaw and V. Beaudry, and 
the Santa Maria and allied properties were 
shortly afterward acquired by the Owens Lake 
Silver Mining & Smelting Co., of New York. 
The ores were smelted at three reduction works. 
Those from the Union mine were treated at 
Belshaw & Judson's furnaces, above the portal 
of the Omega tunnel, and at Beaudry's fumaoe, 

I Loew, Oscar, U. S. Geog. Surveys W. 100th Mer., p. 62, 
1876. 
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just west of Cerm.Gordo camp ; those from the 
Santa Maria mine were smelted at the Owens 
Lake Silver Mining & Smelting Co.'s furnaces 
at Swansea, near the shore of Owens Lake. 

Scarcity of water, scarcity of fuel, and high 
transportation charges made mining and re- 
duction costs large. Water was pumped to 
Cerro Gordo from 11 miles away and 1,875 feet 
below ; charcoal burned from piiion and moun- 
tain mahogany, which grow in scattered stands 
in the higher portions of the Inyo Range, cost 
at the furnaces at Cerro Gordo 32^ cents a 
bushel ; all freight had to be hauled across the 
desert from Los Angeles, a distance of 275 
miles, at a cost of 3 to 6 cents a pound. De- 
spite these handicaps the period from 1869 to 
1876 was one of great activity. 

Li 1871 the production of the district was 
$300,000, with a recovery of only 50 to 55 per 
cent of the lead. In 1872, 3,220 tons of base 
bullion carrying 140 to 150 ounces of silver a 
ton, was produced, which, with silver at $1.2929 
an ounce and lead at 6 cents a pound, aggre- 
gated $977,255 in value, or approximately $303 
a ton.* A. Eilers, who visited Cerro Gordo in 
1872 and described the metallurgic processes 
in use there, estimated that the ore of the Union 
mine, whose average content was not precisely 
ascertained at the works, contained about 34 
per cent of lead and that the slag carried 15 
per cent of lead. Quartzose silver ores, ob- 
tained from the Ignacio, Belmont, and other 
mines in the vicinage of the Cerro Gordo, were 
added in small quantity to the furnace charge 
to concentrate their silver in the lead. Econom v 
of fuel was obtained by means of " an almost 
unprecedented loss of lead." Eilers concluded 
that "the whole management of the works is 
rather calculated to create the suspicion that 
the proper composition of the charge is not 
understood. It is certain that either by an 
addition of iron oxide to the present charge or 
by omitting the addition of the quartzose silver 
ores altogether far better results might be ob- 
tained than at present." * 

These suggestions seem to have borne some 
fruit, for the old slag dumps, as sampled by 
the present management of the Cerro Gordo. 
show a content of not over $5 a ton in silver 
and lead; only by sorting out material con- 

^ Statistics of mlDes and mining in the States and Terri- 
tories west of the Itocky Mountains for 1872, p. 21, 187^. 
*Idem, pp. 35&-366. 



taining unfused lumps of ore it is possible to 
obtain a product averaging $15 a ton. The 
more deeply buried slags have recently been 
uncovered and were found to be much richer; 
they were a* source of considerable profit in 
1916 and 1917. 

It is recounted that $2,000,000 worth of bul- 
lion was corded up at one time in 1873 on the 
shores of Owens Lake awaiting transportation 
out of the valley, and bars of base bullion were 
even used to construct cabins as temporary 
shelter for the miners. 

Litigation commenced at this time. The 
San Felipe Co., most of whose stock was owned 
by the Owens Lake Silver Mining & Smelting 
Co., claimed discovery title to the Union mine, 
and a verdict was rendered in its favor. The 
case was then appealed to the United States 
Supreme Court, where it lay for several years. 

The maximum annual output — 5,600 tons of 
base bullion — ^was made in 1874. From De- 
cember 1, 1873, to November 1, 1874, the Union 
mine produced 12,171 tons of ore of an aver- 
age assay content of 47 per cent of lead and 
87 ounces of silver to the ton. 

According to M. W. Belshaw,* the total cost 
per ton for mining and reduction for the 
period February 1 to October 1, 1876, was 
$19.96; the quantity of ore treated was 9,950 
tons; the lead produced was 1,325 tons. The 
recovery was 64 per cent of the lead assay and 
90 per cent of the silver assay. According to 
these figures the ore as mined carried 21 per 
cent of lead, and was therefore of considerably 
lower grade than that mined a few years 
earlier. 

It is impossible to give accurate figures for 
the total output of the Cerro Gordo duidng its 
most prosperous years. The figures now cur- 
rent in Owens Valley range around $20,000,- 
000, but these estimates surely show the gen- 
erous influence of time and tradition. The 
estimates given in contemporary or nearly con- 
temporary reports range from $6,500,000 to 
$15,000,000. The total output of base bullion 
from 1869 to 1876, inclusive, obtained by sum- 
ming up the yearly production given in Ray- 
mond's annual statistics of mines and mining 
in the States and Territories west of the Kocky 
Mountains,* is approximately 22,500 tons. On 

» California Mln. Bur. Fourth Ann. Rept.. p. 226, 1884. 
« The production for 1876 Is obtained, however, from the 
statement by Belshaw, prerlously cited. 
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the assumption that tiie average value was 
$300 a ton, as in 1872, the value of the total 
output of the Cerro Gordo during its most 
prosperous period was $6,750,000, or in round 
numbers, $7,000,000. 

The mines, although consolidated after thjB 
settlement of the litigation, were shut down 
about 1877, mainly, it would appear, because 
the large bonanza bodies of argentiferous ga- 
lena had been worked out. In the early eight- 
ies the Carson & Colorado Railroad, a narrow- 
gage line which connected wilii the Central 
Pacific Railway at Reno, was completed to 
Keeler and was expected to revive the mining 
industry at the Cerro Gordo. The mine, how- 
ever, was worked spasmodically by lessees until 
it was acquired by the Great Western Ore 
Purchasing Co. in 1905. A small production 
was made by this corporation in 1907. Sub- 
sequently the property was taken over by -the 
Four Metals Mining Co., which erected a 200- 
ton smelter just east of Keeler and connected 
it with the mine by an aerial tramway. This 
company attempted to smelt the old slags from 
the Cerro Gordo and to work the mine but 
went into insolvency; L. D. Gordon and as- 
sociates, who had obtained from the Four 
Metals Mining Co. a lease to extract the zinc 
ore of the mine, then took over the property 
by purchase of the bonds of the insolvent cor- 
poration. During 1912 the property was in 
litigation, and in April, 1913, it was sold by 
marshal's sale under foreclosure of mortgage. 
It was bought by L. D. Gordon and associates, 
but in 1914 in order to obviate any further 
litigation a reorganization was effected and 
the Cerro Gordo Mines Co., which now op- 
erates the mine, was incorporated. 

To whom belongs the credit of recognizing 
the zinc ores at Cerro Gordo is not certainly 
known. Its discovery in important quantities 
and its profitable exploitation are due to L. D. 
Gordon. The first shipment of zinc ore under 
the management of L. D. Gordon was made in 
May, 1911; previously, however, the Great 
Western Co. had made a shipment of two cars 
but at a loss of $800. 

During the mining of the oxidized zinc ore 
exploration was carried on in search of silver- 
lead ore, and in 1914 important bodies of lead 
ore high in silver were discovered. The output 
in 1915 was 4,440,666 pounds of zinc, 121,510 



pounds of copper, 748,952 pounds of lead, 126 
ounces of gold, and 112,541 ounces of silver. 

Developments. — The undergroimd workings 
are said to aggregate 20 miles in length. The 
Belshaw sliaft, from which five levels have been 
driven, is 900 feet deep, and from the 900-foot 
level a winze extends down to the 1,150- foot 
level. 

An aerial tram connects the mine with the 
smelter half a mile east of Keeler. . The nomi- 
nal capacity of the tram is 50 tons a day, but 
this is frequently lowered by breakdowns. 
The difference in elevation between the ter- 
minals is approximately 4,500 feet, but never- 
theless the cable must be driven by a steam 
engine. Crude oil is at present employed as 
fuel in the operation of the hoist and the tram, 
but if developments warrant it electric power 
will be obtained from one of the hydroelectric 
power companies that are operating in Owens 
Valley.^ 

Despite the considerable depth of the mine, 
water level has not been reached. In the lower 
levels there was (in September, 1912) a slow 
trickling or " sweating " from the walls of the 
drifts. 

Geologi45 features. — The mine is at the foot 
of the scarp forming the western face of Cerro 
Gordo Peak. (See PI. X, C, p. 54.) This 
scarp shows a broad band of white marble sur- 
mounted by dark-gray limestone forming the 
summit of Cerro Gordo Peak. The white mar- 
ble — the principal repository of the ore — 
plainly wedges out southeastward owing to its 
plunging anticlinal structure, and northwest- 
ward it is cut off by a zone of faulting. With 
the marble, which is the prevailing rock at the 
mine, are associated some interstratified slate 
and a number of dikes of monzonite porphyry 
and quartz diorite porphyry. 

The rocks at the mine are part of a Car- 
boniferous formation of limestone, with some 
interstratified shale or slate and quartzite, that 
is extensively developed in the surrounding 
area. A belt of shale, probably 300 feet thick, 
lies northwest of the mine and is underlain bv 
fine-drained white quartzite, 100 feet thick. 
The strike is N. 30° W. and the dip 45° W. 
The shale is in places highly fossiliferous, 

^The tram has since been reconstructed, and In Janoarjf 
1017, a hlRh-tenslon transmission line was completed from 
Keeler to Cerro Gordo. 
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carrying Derhya^ Ganiatites^ pelecypods, and 
other forms. These- fossils fix its age as Car- 
boniferous. 

In the vicinity of the mine the strata dip 
steeply westward, but a short distance east of 
the ore-bearing zone they dip gently eastward, 
as may be determined on the north slope of 
Cerro Gordo Peak from the altitude of some 
thinly bedded dark-gray limestones. A rough 
schistosity trending N. 20° W. and dipping 75° 
W., superposed on the stratification, is the 
structure most commonly seen in surface ex- 
posures, and unless " end " views of the strata 
are seen is likely to lead to erroneous conclu- 
sions. The strata at Cerro Gordo are, it there- 
fore appears, flexed into a highly asymmetric 
anticline whose axis lies just east of the ore- 
bearing zone. The anticlinal axis plunges 
steeply southward, causing the white marble 
belt to disappear abruptly a short distance 
south of the mine. Northwestward the marble 
is cut off by a fault zone. 

The shale and quartzite strata register the 
displacement and show that complex faulting 
has taken place just northwest of the mine, 
where the 100- foot quartzite member is cut out 
by a fault trending northeastward. The dis- 
placement of the fault is considerable, but its 
details are obscured by talus. The fault zone 
appears to be made up of a number of diversely 
oriented blocks. For example, some 600 feet 
north of the shaft house an outcrop of gray 
crinoidal limestones interbedded with quartz- 
itic strata strikes east and dips 50° S. ; but 50 
feet farther southwest the roclvs strike N. 15° 
W. and dip vertically. Other similarly dis- 
crepant measurements can be obtained, all of 
which indicate that the fault zone is probably 
made up of a mosaic of small blocks. 

East of the mine, as already mentioned, the 
limestones dip eastward, averaging 45° E. on 
Cerro Gordo and flattening eastward and 
being practically horizontal near the Newtown 
mine. At this locality is shown a fine example 
of a fault breccia lying parallel to the strati- 
fication. The breccia, which is locally 4 feet 
thick, lies between two beds of limestone and 
consists of long slabs of dark-gray limestone 
and of a light-buff variety held in a matrix 
of very coarse white calc spar, individuals of 
which show cleavage surfaces 6 to 8 inches 
broad. On the face of the cliff southwest of 
the Newton shaft house a reverse fault of 10 



•feet displacement -is well shown. The value 
of quartzite beds as indicators of faulting is 
illustrated effectively on the slopes behind the 
Newtown mine, where within a length of a few 
hundred feet the rocks are intersected by four 
faults, marked by fault breccias, with displace- 
ments, as measured on the interstratified beds 
of quartzite, that range from a few feet to 75 
feet. One of these' fault breccias carries nu- 
merous fragments of gossany iron oxide. • 

The examination of the geologic structure 
around Cerro Gordo therefore shows that the 
rocks have been subjected to severe faulting. 
Some of this faulting took place prior to the 
formation of the ore bodies and some after 
they had been formed, but the postmineral 
faults are probably of much smaller magni- 
tude than the premineral. Underground ex- 
amination in the Cerro Gordo mine is confirm- 
atory of the indications of the surface geology, 
for many faults are exposed in the workings. 
Elucidation of the faulting may prove to be 
of the highest practical importance, for val- 
uable ore bodies may have been cut off by 
faults and their continuations not found by 
the early operators. In determining the char- 
acter and amount of dislocation along the 
faults, the diorite porphyry and other dikes 
should prove easily identifiable registers of dis- 
placement. 

Three kinds of igneous rock occur in the 
mine — monzonite porphyry, quartz diorite 
porphyry, jtnd diabase. The porphyries are 
the more abundant, but the diabase, of which 
there is a single narrow dike, is of special in- 
terest, for one of the principal shoots of silver- 
lead ore recently found is a replacement of a 
sheared portion of it. The dikes occurring in 
the mine have been successively altered by met- 
amorphism of three distinct kinds — alteration 
by shearing, alteration accompanying the pri- 
mary mineralization, and alteration by oxida- 
tion and by the downward percolation of sul- 
phate solutions. Any one of the alterations 
produced by these processes might be sufficient 
to obliterate the original features of the dikes; 
it follows, therefore, that the precise identifica- 
tion of some dikes is impossible; in fact, cer- 
tain narrow dikes, which are considerably 
sheared, are difficult to distinguish from slate. 
The intrusive rocks near the mine admit of 
readier petrographic identification because of 
their freedom from alterations. 
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Monzonite porphyry forms a small mass in- 
trusive into the surrounding shale northwest 
of Cerro Gordo. The porphyry is character- 
ized by an abundance of feldspar pbenocrysts 
and hornblende prisms, the phenocrysts being 
in certain parts of the mass so closely crowded 
as to give the rock a granitic appearance. The 
specimen, when examined microscopically, was 
found to show essentially these features, Pla- 
'gioclase (AbajAn,,) forms the predominant 
phenocrysts and is associated with phenocrysts 
of orthoclase and hornblende; the porphyritic 
constituents are inclosed in a groundmass 
which is composed of orthoclase and quartz 
and forms only a small proportion of the whole 
rock. Titanite (which is rather abundant), 
apatite, and magnetite are the accessory min- 
erals. A small body of similar porphyry in- 
trusive into limestone found southeast of the 
mine is notewortliy from containing masses 
of garnet rock whose boundaries are blurred, 
owing to gametization of the inclosing por- 
phyry. Garnet rock carrying a small amount 
of specularite occurs locally along tlie edge 
of the porphyry intrusion. Monzonite por- 
phyry also forms a large body in the Belmont 
district .1 few miles southeast of Cerro Gordo, 

These intrusive masses of monzonite por- 
phyry are in all probability the partly uncov- 
ered tops of great bodies of granitic rock that 
underlie the Inyo Range at no great depth. 
Although granite does not appear along the 
crest of the range within 10 miles north of 
Cerro Gordo, yet toward the east, where the 
range drops off abruptly to Saline Valley 7,000 
feet below, great quantities of granitic rock 
are exposed. Furthermore, Hme-silicate rock, 
an aphanitic rock resembling a dense quartzite 
and consisting of one-third diopside and the 
remainder of quartz, calcite, and feldspar, 
occurs on the hillside a few hundred feet north- 
west of the mine, and masses of garnetized 
limestone are found at several mines and pros- 
pects west and southwest of Cerro Gordo, as at 
the Ignacio. Ventura, and others, a fact which 
indicates that the rocks at Cerro Gordo at the 
time of the intrusion of a granitic mass, now 
unexposetl, were situated near the outermost 
limit of the zone of metamorphism produced 
by the invasion. 

One of the most prominent dikes in the mine 
appears to have been originally similar to the 



monzonite porphyry northwest of Cerro Gordo. 
It is exposed in the Union tunnel, in the foot- 
wall crosscut of the Santa Maria pit, where 
it is 50 feet wide, and in the Zero level. The 
dike apparently conforms in the main with the 
strike and dip of the bedding of the inclosing 
rocks. (See fig. 8.) In the Union tunnel the 
contacts are considerably shattered; the west 
contact strikes X, 15° W. and the east contact 
X. 35" W., both being nearly vertical. Thedike 
is overlain by a shale belt 105 feet wide and is 
underlain by massive white marble. In the 
Zero level, which is several hundred feet south 
of the Union tunnel, the dike lies within the 
shale belt, and therefore probably cuts across 
the trend of the formation at a narrow angle. 
The dike is of conspicuously porphyritic ap- 
pearance, owing to the prevalence of targe tab- 
ular feldspar crystals, and is considerably 
sheared ond deeply stained by oxidas of iron 
and manganese. Specimens from this dike are 




Fionas 8. — DtagrammBtle sectloD along tbe line of the Union 
tunnel, Cerro Gordo, CbI. 1, Slate ; 2, marble ; 3, mao- 
lonlte porpbjrrf. 

unsuitable for precise determination ; and some 
material, which at least is not affected by ox- 
idation, taken from the 400- foot level near the 
intersection of the San Felipe quartz vein, was 
found to be much altered by the development 
of dolomite, sericite, and pyrite. 

The quartz diorite porphyry dikes differ con- 
siderably in appearance from the monzonite 
porphyry. A number of these dikes were 
noted in the underground workings, but only 
one was exposed nt the surface near the mine — 
near the Buena Vista tunnel. A similar dike 
cuts across the stratification of the limestone 
at the south end of the east scarp of Cerro 
Gordo Peak; it ranges from 6 to 12 feet in 
thickness and is somewhat better preserved 
than the dikes in the mine. The dikes noted 
underground range in thickness from those 4 
feet to those 25 feet They are greenish-gray 
porphyries carrying innumerable small black 
prisms of hornblende, obscure plagioclase plie- 
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nocrysts, and corroded quartz crystals. The 
quartz phenocrysts, although as a rule widely 
scattered* and easily overlooked on casual in- 
spection, are nevertheless peculiarly distinctive 
of the rock; and they are readily distinguish- 
able even where the hornblende and plagioclase 
have been obliterated by mineralization. The 
dike cut on the 400-foot level is one of the 
best preserved in the hnne^ although locally 
considerably sheared, as in drift 404-1. It is 
about 18 feet wide and trends N. 70° W., cut- 
ting obliquely across the strike of the strata. 
Under the microscope the dikes prove to be 
highly altered, consisting of epidote, chlorite, 
feldspar, and sericite. On the 900- foot level a 
quartz diorite porphyry dike intersects the 
monzonite porphyry dike. 

A single dike of diabase, disclosed by the 
mine workings, is of especial interest, for it 
contains the most important silver-lead ore 
shoot discovered since the rehabilitaticm of the 
mine. In the ore-bearing portion it is so 
strongly sheared and the primary minerals are 
so completely destroyed that its recognition 
and identification as an igneous rock would 
remain uncertain were it not that fairly 
well preserved material is obtainable on its 
southeast extension in the face of the Buena 
Vista tunnel. It is about 5 feet thick and lies 
conformable to the strike and dip of the in- 
closing marble. Both contacts are shattered. 
As here exposed it is a fine-grained grayish- 
green rock, which, under the microscope, is 
seen to have a typical diabasic texture, though 
the plagioclase is largely sericitized and the 
augite that occupied the triangular spaces be- 
tween the plagioclase laths is wholly chlori- 
tized. Profoundly altered equivalents in 
which the diabasic texture is almost com- 
pletely obliterated were collected from the 700 
and 900 foot levels. 

Lead ore bodies, — The lead ore bodies of 
C^rro Gordo consist of lenticular masses dis- 
tributed through a zone 1,500 feet long and sev- 
eral hundred feet wide. The predominant rock 
of the ore-bearing zone is a white, finely sac- 
charoidal marble, essentially a pure calcite 
rock, which on freshly fractured surfaces shows 
a slight bluish tint. Slate and igneous rock 
(dikes of quartz diorite porphyry and monzo- 
nite porphyry) occur also within the ore-bear- 
ing zone, but the ore bodies with one notable 
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exception are inclosed in the marble. Certain 
of the larger ore bodies that were formerly 
worked (for example, that of the Santa Maria 
pit) rested on a foot wall of slate. 

The rocks of the ore-bearing zone strike 
north to northwest and dip on the average 70® 
SW.; the ore bodies conform to the trend of 
the inclosing rocks. To cite an example, the 
Jeflferson stope — the stope farthest south- 
east—strikes N. 35° W. and dips 75® SW. 

The lead ore bodies extracted during the 
early history of the mine attained in places a 
thickness of as much as 40 feet. The Jeffer- 
son stope is from 3 to 20 feet wide and aver- 
aged 70 feet in length ; the Union stope, from 
which $3,000,000 worth of silver and lead is 
supposed to have been extracted, extended 
down to the 500-foot level. According to 
Raymond,^ 

The Union, the highest on the mountain side, has 
undergone considerable development during the past 
year. On the surface the ore body strikes about 
S. 30** E. and dips steeply to the southwest, but at 
the level of the main working tunnel, which strikes 
the Union at a depth of about 175 feet from the sur- 
face, the ore body begins to stand nearly perpendicu- 
larly and continues so for a depth below this level of 
105 feet, the lowest point reached in September, 1872. 
At a depth of 200 feet below the tunnel a branch 
leaves the main ore body toward the west. Its dip 
is very flat, and it has been followed over 100 feet, 
always In very excellent ore, the greater part of 
which is galena. This branch is about 3 feet thick. 
It is thought and hoped by the owners of the Union 
that it will eventually run into the Santa Maria; 
and, as the Union has the older title, the independent 
existence of the Santa Maria would in that case l>e 
endangered. The longest level on the vein in the 
whole mine is the one driven at a depth of 200 feet 
below the tunnel, and even this one is little over 100 
feet long. But the ore deposit, as developed by this 
level and the work done in the 65 feet below, is of 
extraordinary extent, being in many places 40 feet 
wide and nowhere less than 15. At the same time 
the ore is very solid, being either reddish-yellow car- 
bonate or pure gray carbonate, lying in great blodges 
in the former. The masses of the latter kind have 
frequently a diameter of from 3 to 6 feet, and always 
show a concentric arrangement — that is, every mass 
of this kind which has been cut through by the exca- 
vations shows concentric rings around an interior 
nucleus (generally a small lump of unaltere<l galena), 
the rings being somewhat darker than the main mass. 
This arrangement presents a beautiful aspect, and, 
though common with gray carbonate of lead when 

^ Raymond. R. W., Statistics of mines and mining^ In the 
States and Territories west of the Rocky Mountains for 1872, 
pp. 18-19, 1873. 
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lying In a ferruginous gangue, it is not often seen on 
as large a scale as exposed in the Union. The car- 
bonate ores of the Union, on account of their friabil- 
ity termed "fuse ores" by the miners, average, as 
delivered to the furnace, about 25 ounces of silver 
per ton and the galena from 50 to 80 ounces. 

Many of the old stopes are no longer ac- 
cessible, having either caved or been filled with 
waste by the many different lessees who la- 
bored in the old workings prior to the rehabili- 
tation of the mine. The west wall rock of the 
Union (or China) stope is distinctive and is 
locally known as "altered lime." Instead of 
the dense white marble or limestone that gen- 
erally incloses the ore bodies, the wall rock 
consists of a moderately coarse grained curved 
dolomite spar more or less stained with man- 
ganese. In places, owing to the development 
of the dolomite in distinct crystals, it resem- 
bles a porphyry closely crowded with white 
feldspar phenocrysts. The dolomite contains 
a few limonite pseudomorphs after pyrite. 
Similar dolomite rock is found in the store- 
house drift on the 400-foot level. This dolo- 
mitization of the marble wall rock evidently 
accompanied the primary mineralization. In 
an exploratory crosscut driven on the 700-foot 
level some coarsely dolomitic rock heavily 
charged with pyrite was found; and it is not 
improbable that such dolomitized rock may 
serve as a guide in the search for bodies of 
argentiferous galena. 

Some shoots of lead ore were recently dis- 
covered at the surface in the marble several 
hundred feet east of the shaft — ^that is, in the 
footwall portion of the ore-bearing zone, 
though it should be borne in mind that no 
definite footwall has yet been found. These 
ore bodies were covered by 5 to 6 feet of slide 
rock, which probably accoimts for their non- 
discovery by the former operators. One of 
the shoots recently uncovered at the surface, 
averaging a foot or so in width, consists pre- 
dominantly of galena but contains also some 
tetrahedrite, sphalerite, and pyrite. The ga- 
lena has a distinct sheared structure, which 
wraps around the sphalerite and tetrahedrite. 
This structure was evidently produced by the 
crushing of galena into small, flat, parallel 
lenticles. Oxidation products, among which 
bindheimite is the most notable, are to a small 
extent associated with the primary lead ore. 
though not so abundantly as in places in the 



deeper levels. Completeness of oxidation in 
the Cerro Gordo was obviously not deter- 
mined by depth, but was dependent largely on 
the perviousness of individual ore shoots to 
oxidizing solutions. Adjoining the lead ore 
zinc carbonate has replaced the marble wall 
rock through a thickness of several feet. 

The most important shoot of argentiferous 
lead ore mined in late years occurs in a much- 
sheared portion of the diabase dike previously 
described. This shoot, at the time of visit in 
1913, bad been developed from the 1,025-foot 
level to 170 feet above the 700-foot leveL Its 
average dip is about 68^ and it pitches south- 
east. Its length is 17 to 20 feet and its maxi- 
mum thickness 5 feet, but its high silver con- 
tent makes it an especially valuable ore body. 
The ore occurs in the footwall portion of the 
dike, which here ranges in thickness from 5 
to 8 feet, probably as a replacement, although 
the evidence of this has been obscured by the 
prevalent oxidized condition of the ore. 
Rarely does the ore extend into the marble 
foot or hanging wall; and this limitation of 
the ore to the diabase dike is rather mysterious, 
for in the rest of the mine the ore is a replace- 
ment of marble of the same kind. The ore 
consists largely of galena but contains some 
tetrahedrite, zinc blende, and pjrrite. Oalenft 
is intimately intergrown with the tetrahedrite. 
Cerusite, anglesite, and bindheimite (the hy- 
drous antimonate of lead) are the most com- 
mon oxidation product43; linarite (the deep 
azure-blue sulphate of lead and copper), cale- 
donite (the pale-green sulphate of lead and 
copper), and chrysocolla are present in smaller 
quantity. 

The minerals in the ore shoots described are 
typical of the mine as a whole. The predomi- 
nant primary mineral is galena and the sub- 
ordinate constituents are zinc blende, tetra- 
hedrite, and pyrite. The zinc blende, although 
subordinate, is of much importance in connec- 
tion with the origin of the zinc carbonate ore. 
By oxidation the sulphides have yielded a mul- 
titude of secondary minerals, such as cerusite, 
anglesite, bindheimite, smithsonite, calamine, 
hydrozincite., aurichalcit«, chrysocolla, linarite, 
brochantite, caledonite, and limonite. Cerusite 
and smithsonite are of economic importance, 
the others are of mineralogic interest only. 
Linarite, a rare mineral for which Cerro Gordo 
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is well known, deserves mention because of its 
striking beauty. Aurichalcite, another com- 
paratively rare mineral, is also noteworthy be- 
cause it occure locallv in some abundance in 
small veinlets traversing zinciferous limonite; 
it is of a delicate blue and bluish-green color, 
though fading on continued exposure to light, 
and characteristically forms rosettes and fan- 
like groups of pearly luster.^ 

The San Felipe vein cuts diagonally across 
the silver-lead ore-bearing zone, traversing 
both marble and monzonite porphyry. It 
trends N. 45^ W., dips 70°-80° SW., and ranges 
from a fraction of an inch to 18 inches in thick- 
ness. The main ore mineral is tetrahedrite, 
with which occur its oxidation products, azu- 
rite and malachite, inclosed in a gangue of 
quartz and barite. The vein is well exposed in 
the Zero level, where a drift shows it to be 12 
inches wide and quartzose, carrying consider- 
able galena, partly converted to carbonate, and 
a minor quantity of tetrahedrite, but locally 
no barite. It is noteworthy that the dense 
marble in proximity to the vein was not con- 
verted to coarsely crystalline calcite. The vein 
is frozen to the hard white marble walls, 
and the oi^ is therefore expensive to break out 
and to separate from the waste rock broken 
with it. The sorted ore is said to carry $100 a 
ton in silver. 

Zinc ore bodies, — ^The zinc ore forms irregu- 
lar masses and pipes in the limestone walls 
of the old lead stopes, principally in the foot- 
wall. The form of the ore bodies is deter- 
mined partly by structural features such as 
stratification, jointing, and the fracturing that 
took place after the formation of the lead 
ore masses. The zinc ore is frozen to the lime- 
stone but does not grade into it, although the 
ore originated clearly by replacement of the 
limestone. 

The first zinc ore taken out was that found 
in the footwall of the old Union stope; from 
this body 5,000 tons were extracted. On the 
400- foot level a pipe 5 feet in diameter and 150 
feet long averaged more than 40 per cent in 
metallic zinc. As the zinc mineral in the ore 
is mainly smithsonite, whose theoretic per- 
centage of zinc is 52, the ore is very pure, and 

^ In mlneraloglc pnblfcations many minerals are described 
as occurring at " Cerro Gordo," but the contexts show that 
the distinction between Cerro Gordo " mine " and Cerro 
Crordo*" district " is not always made. 



considerable quantities have actually contained 
as much as 50 per cent. The pipe headed 
toward the Union stope and, with increasing 
proximity to it, showed a notable increase in 
limonite and halloysite. Near the head of the 
pipe extensive masses of limonite, including 
bodies of pure white halloysite as much as 4 
feet thick, were found. The same phenomenon 
occurs throughout the mine, the zinc ore be- 
coming, by progressive disappearance of the 
iron, increasingly purer with increasing dis- 
tance from the old lead ore bodies. Bodies of 
zinc ore extend in places at least 100 feet later- 
ally from the lead ore. 

The halloysite is a white amorphous sub- 
stance of somewhat waxy appearance. In com- 
position it resembles kaolin, a mineral with 
which the writer was at first inclined to iden- 
tify it, but it contains more water. Its identity 
as halloysite was established by a quantitative 
analysis made in the laboratory of the United 
States Geological Survey. 

Analysis of halloysite from Cerro Gordo, Cal. 
[Chase Palmer, analyst.] 

SiO, 43. 11 

Al,0« 38. 60 

HaO (ignition) 17.52 



99.23 



The analysis shows that the material is an 
almost ideally pure hydrous aluminum silicate 
whose composition agrees closely with that 
given by Dana for halloysite. Under the mi- 
croscope the halloysite is found to be isotropic ; 
its refractive index, as determined by the im- 
mersion method, is 1.55. 

The zinc ore consists essentially of the car- 
bonate, smithsonite, with limonite and calcite 
as impurities. The ore is fine grained in tex- 
ture and dead white in color, and hence is 
known as "dry bone." Much of it is charac- 
teristically banded or laminated; the laminae 
range from mere films to half an inch thick. 
The lamination is curiously convoluted and the 
patterns produced by the convoluted laminae 
are not uncommonly irregular-shaped closed 
ellipses. The occurrence of patterns of this 
kind proves that the lamination did not result 
from the replacement of a bedding structure 
in the marble nor from a sort of photographic 
" development "• by the replacement of a bed- 
ding structure that was previously impercepti- 
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ble. The lamination strongly suggests that it 
originated by the rhythmic precipitation of the 
zinc carbonate by the calcite of the marble* 
Vugs are common in the fine-grained smithson- 
ite, and some are lined with more coarsely crys- 
talline smithsonite and wi^h calamine. Cala- 
mine occurs also to some extent in laminae, 
which have a radial fibrous structure. Hydro- 
zincite is rare, occurring for the most part 
as small botryoidal groups implanted on smith- 
sonite. 

The ore as shipped in 1913 averaged 35 per 
cent of zinc, about 10 per cent of ferric oxide, 
and 2 per cent of calcium carbonate. It carries 
only a trace of lead as a rule and no silver nor 
gold. The total production of zinc ore to Jan- 
uary 1, 1917, was 24,000 tons. 

GIBBALTAB PBOSPECT. 

The Gibraltar prospect, 3 miles north of 
Antelope Spring, in Deep Spring Valley, was 
located in 1886. Ten tons of ore carrying $34 
to* the ton in lead and silver is said to have been 
sent from it to the Selby smelter a number of 
years ago. The country rock is a tremolite- 
bearing white fine-grained marble. The lode 
trends N. 85** E. and stands vertical. A large 
open cut on the property exposes a zone about 
4 feet wide carrying the small irregular 
stringers of ore. One hundred feet above this 
is a short tunnel in which the lode ranges from 
6 inches to 1 foot in thickness. The ore con- 
sists of galena, sphalerite, and tetrahedrite. 
The oxidized ore shows a little azurite stain. 



s • 



MONTEZUMA MINE. 



The Montezuma Mining & Smelting Co.'s 
property lies near the foot of the Inyo Range, 
9 miles by road southeast of Big Pine. The 
Montezuma is one of the old mines of the 
region. As described in the report of the 
Director of the Mint for 1883 a large amount 
of argentiferous galena lying almost horizontal 
and containing 30 ounces of silver to the ton 
and 38 per cent of lead was exposed at or near 
the surface. A smelter, since abandoned, had 
been built on the railroad at Elna and the ore 
was hauled there for treatment. The ore is 
difficult to treat on account of its low grade 
and considerable admixture of zinc blende. 
The mine was idle during 1912. 



Buff-weathering and gray-weathering lime- 
stones of dense texture, which on fresh frac- 
ture are white with a bluish cast, constitute the 
prevailing country rock in the vicinity of the 
upper tunnel. As seen within the tunnel the 
rocks are intensely shattered and broken, and 
in one drift a porphyry dike, which seems to 
have been originally a diorite porphyry, was, 
because of the intensity of dynamic disturb- 
ance, kneaded to a putty-like mass and power- 
fully slickensided. The ore seen on the dump 
carries finely disseminated galena, sphalerite, 
and pyrite, and a few coarse particles of tetra- 
hedrite; the galena and sphalerite occur in ap- 
proximately equal amounts and ai?e in part in- 
timately intergrown. The gangue consists 
largely of dolomite with some associated 
quartz. The oxidized ore shows azurite, lead 
carbonate, and iron oxide. 

ESTELr^ MINING CO.'S CLAIMS. 

The Estolle Mining Co., organized in Au- 
gust, 1902, owns 29 claims south and southwest 
of the Cerro Gordo mine. During the four 
years preceding 1912 the energies of the com- 
pany were devoted to driving a crosscut tun- 
nel (4,400 feet long, in 1912) to undercut the 
iron oxide cropping on the Morning Star 
claim, 1,700 feet above the portal of the tunnel. 
The tunnel, known as the Dellaphene, trav- 
erses Carboniferous rocks, mainly limestones, 
and intersects a considerable number of fault 
zones, the most extensive of which is 200 feet 
in width. At 3,750 feet from the portal drifts 
have l)een turned off both north and south- for 
several hundred feet along one of these fault 
zones, which is traversed by a number of 
quartz veins of irregular size and description. 
Locally the quartz contains tetrahedrite, ga- 
lena, sphalerite, and pyrite in amounts in the 
order named. The ore is said to carry 20 
ounces to the ton in silver. 

The outcrop on the Morning Star claim, 
which the Dellaphene tunnel is projected*^ to 
undercut, is said to assay $14 in gold and 17 
ounces in silver to the ton across a width of 45 
feet. The developments on the Morning Star 
claim consist of a tunnel 420 feet long, from 
which a winze has been sunk 225 feet, giving 
a total depth of 500 feet below the apex. 
From this winze levels have been run at depths 
of 35, 70, 120, and 220 feet. A crosscut tunnel 
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traverses what may be called the ore-bearing 
zone, exposing 35 feet of hydrous iron oxide 
and limestone, 60 feet of limestone, and 20 feet 
more of limestone stained with iron oxide. 
The iron oxide contains a few small lumps of 
galena. 



VENTURA MINE. 



The Ventura Mining Co. owns nine claims 
situated a short distance below Cerro Gordo. 
Development work in a small way was in pro- 
gress in 1913, and a 6-horsepower gasoline 
hoist was installed for deepening an old shaft 
that former owners had sunk to a depth of 
150 feet. Some ore was taken out in drifting 
. along a number of the many short tunnels on 
the property. 

In the vicinity of the workings a small mass 
of intrusive diorite appears at the surface, evi- 
dently the top of a body much larger in depth. 
It has exerted a large amount of contact meta- 
morphism and has converted an extensive body 
of Carboniferous limestones into garnet and 
other dense fine-grained lime-silicate rocks. 
In places these rocks are netted with quartz 
stringers inclosing small quantities of galena. 
The mineralization of economic interest took 
place ^ however, along a number of shear zones, 
some of which are 30 feet wide, that traverse 
the metamorphic area. Galena ore, largely 
converted into carbonate, occurs in bunches 
along these zones and carries an ounce of sil- 
ver to the unit of lead. 

Some work has been done also on a narrow 
argentiferous quartz vein that outcrops near 
the main road below the principal workings. 
This vein carries tetrahedrite and galena and 
shows a little blue staining due to linarite. 



NEW HBO Y MINE. 



The Newsboy mine, owned by the Cerro 
Gordo Mining Co., lies in the Belmont district 
a few miles southeast of Cerro Gordo at ah 
altitude of 7,500 feet. It is opened by a tun- 
nel which cuts the lode 275 feet below the 
outcrop. The best ore is obtained from winzes 
and drifts below the tunnel level ; at the time 
of visit in 1913 a rich shoot was being ex- 
ploited 50 feet below the tunnel level. 

The country rock in which the veins of the 
Belmont district are inclosed is a homogeneous 



mass of monzonite porphyry, which is intru- 
sive into limestones of Carboniferous age. The 
porphyry consists of crystals of andesine, or- 
thoclase, and hornblende in a groundmass 
which is so scanty as to be barely perceptible 
to the unaided eve but which imder the micro- 
scope is found to be composed of quartz, or- 
thochise, and plagioclase. 

The ore of the Newsboy mine is a coarse white 
rather vuggy quartz that carries considerable 
galena, subordinate tetrahedrite, and rarely 
chal copy rite and pyrite. Cerusite and a bright- 
yellow ocher, bindheimite, are common; iron 
oxide is present; and linarite in places is ex- 
cellently crystallized in needles. The ocher 
is rich in precious metals, assays showing 508 
ounces of silver and 3.4 ounces of gold to the 
ton. The ore that was being mined at the time 
of visit was sorted to yield a product carrying 
$100 a ton, mainly in silver; the rejected ma- 
terial has a value of $25 a ton, but the cost of 
mining and of freighting the ore by pack 
train to Cerro Gordo makes the loss of this 
material unavoidable. 



PERSEVEBANCE MINE. 



The Perseverance mine is on the east flank 
of the Inyo Range, about 1^ miles from Cerro 
Gordo. The ore body is a well-defined quartz 
vein averaging several feet in width, which 
is inclosed in limestone and dips 45® E. The 
metalliferous minerals, which are present in 
small amount, are tetrahedrite, sphalerite, and 
galena, partly oxidized to cerusite, azurite, and 
bindheimite. The quartz gangue contains 
some tabular barite. By rigorous sorting, in 
wliich all material not showing metalliferous 
minerals was rejected, the present lessees ob- 
tained a product carrying $20 to $40 a ton in 
silver. Tlie large proportion of waste, how* 
ever, rendered operation unremunerative. 



MONSTER MINE. 



The Monster mine, discovered in 1907, is on 
the east flank of the Inyo Range northwest of 
Saline Vallev. It is reached either by a trail 
over the summit of the mountains from Ma- 
zourka Canyon or by the Saline Valley road 
from Zurich. The principal developments 
consist of two tunnels and a number of open 
cuts. 
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The general country rock consists of a strati- 
fied series of limestones, probably of Ordovi- 
cian age, striking N. 75° E. and dipping 
steeply north. Several hundred yards south 
of the mine dark knotted schists represent 
thermally metamorphosed argillaceous sedi- 
ments intruded by granite. 

The ore body at the point of discovery was 
an irregular lens of nearly solid galena 3^ feet 
wide and approximately 40 feet long. The 
general trend of the body of ore as seen in the 
upper tunnel, which is 75 feet long, is north- 
west. The galena has been almost completelj 
removed, but at the far end of the tunnel some 
is found embedded in quartz veinlets that re- 
ticulate through the limestone. The ore makes 
in bunches in the limestone but is everywhere 
associated with quartz, although the galena 
tends to segregate and form pure masses. A 
new tunnel driven below the upper tunnel is 
approximately 150 feet long but did not cut 
much ore. The count rv rock is a mottled 
blackish limestone transfixed by tremolite 
fibers at the portal of the lower tunnel, and is 
coarsely brecciated throughout its length. Tlie 
limestone in the ore-bearing zone is a severelj'^ 
brecciated buff-weathering variety which is 
white with a slight yellowish Cast on fresh 
fracture. 

The ore seen on the dumps consists almost 
entirely of galena, a very subordinate propor- 
tion of pyrite, and even less tetrahedrite, which 
is to be found only on close search. No sphal- 
erite or other zinc mineral was noted. The 
oxidized ore consists largely of cerusite, in 
places finely crystallized, but shows also a lit- 
tle chrysocoUa and the blue and gi'een basic 
/ sulphates of lead and copper — ^linarite and 
caledonite. 

The ore was taken on pack animals over the 
Inyo Bange to Mazourka Canyon, whence it 
was hauled bv team to the railroad at Kear- 
sarge (Citnis). It was carefully sorted and is 
reported to have carried $100 a ton in silver 
and lead. The property was not worked in 
1912. 

GOLD ORES. 
CHARACTER AND OCCTTRRENCE. 

The gold deposits of the Inyo Range are 
mainly small, narrow quartz veins. The great- 
est depth attained on any of the veins, so far 



as known to the writer, is 300 feet. The sur- 
face ores are thoroughly oiddized and are of 
comparatively high grade, ranging from a 
few dollars up to $100 a ton. The mineralo^c 
features are simple; the primary ores carry a 
small amount of sulphides, commonly pyrite 
or galena, with subordinate sphalerite and chal- 
copyrite, in a coarse white quartz gangue. Pri- 
mary barite was noted in one ore. 

The veins occur either in the borders of the 
granite intrusions or in the surrounding coun- 
try rock at no great distance from the granite. 
This is so uniformly true that it suggests 
strongly a genetic connection between the veins 
and the granite. 

A large number of veins have been found 
and developed, have contributed their quota 
to the output of the region, and are now ex- 
hausted. At the time of visit, in 1912, oppor- 
tunities were not favorable for the study of 
deposits of this class, and an extended treat- 
ment of them here is not advisable; details 
concerning the accessible mines and prospects 
must be sought under the special descriptions. 

Many of the deposits were discovered in the 
sixties bv Mexicans, who for manv vears 
worked them by means of arrastres. The most 
important gold-producing area was probably 
the Beveridge district, on the summit of the 
Inyo Eange northeast of Lone Pine. The 
Keynote, situated at an altitude of 10,000 feet 
and accessible only by a mule trail, was the 
most productive mine, yielding for a time more 
than $10,000 a month.^ Much ore was taken 
out of other mines, but no records of their pro- 
duction are available. 

As a whole the veins have not given rise to 
a steady gold-quartz mining industry, and dur- 
ing 1912 their exploitation was nearly at a 
standstill. The Reward, the largest gold- 
quartz mine in the range, was idle during the 
year, pending change of ownership. 

Placers, especially those of Mazourka Can- 
yon, were formerly of some importance.* The 
gold was separated by passing the gravel 
through dry washers. The best ground has 
been exhausted, and in 1912 a few men working 
on the rims of the auriferous channels and at 
the heads of the gullies were able to make only 
bare wages by dry washing. 

» Director of the Mint Rept. for 1883, p. 159, 1884. 
> California State Mineralogist Thirteenth Ann. Rept, p. 
182, 1896. 
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XIHES AKD P&OSPEOTS. 



GOLDEN SIBEN PBOSPECT. 



The Golden Siren prospect is in the White 
Mountains at an altitude of 10,500 feet, near 
the head of North Fork of Crooked Creek. Its 
main shaft is reported to be 90 feet deep and 
to intersect the vein at 45 feet. The country 
rock is a white Cambrian marble, which is in- 
truded by granite that outcrops a few hundred 
feet east of the shaft. The ore is of two 
kinds — quartz and iron oxide. The vein sam- 
pled over a width of 5 feet is said to average 
$14 to $18 a ton in gold. 

nLIZZAKD EXTENSION PROSPECT. 

The Blizzard Extension prospect is a scant 
3 miles south of the Golden Siren on the north 
flank of Mount Blanco at an altitude of 10,800 
feet. The developments consist of a few small 
open cuts, an incline 60 feet long, from which 
a drift 26 feet long was driven at a depth of 
45 feet. The geologic features are essentially 
like those at the Golden Siren. The country 
rock is a white marble of Cambrian age, and a 
large mass of intrusive granite lies a few hun- 
dred yards north of the property. The vein 
strikes N. 80° E. and dips steeply south. It 
consists at the surface of 3 to 6 inches of 
quartz carrying oxidized sulphides, but it is 
said to be 2 feet wide and to average $13 a ton 
in gold in the drift. On the dump considerable 
gossany iron oxide has accumulated, much of 
which was doubtless formed bv the reaction of 
iron-bearing solutions (derived from the oxi- 
dation of the primary sulphides originally in- 
closed in the quartz) on the limestone wall 
rocks. 

During 1912 a road 5 miles long was being 
constructed to Roberts's ranch, on Wyman 
Creek, at an altitude of 8,200 feet. Here a 
small stamp-milling outfit, to be driven by an 
overshot wheel, was being installed. 

WATERFALL PROSPECT. 

The geologic features at the Waterfall pros- 
pect are unlike those seen anywhere else in the 
Inyo Range. This prospect, located in 1906, 
is at an altitude of 7,400 feet 3 miles north 
of Antelope Spring, in Deep Spring Valley. 
The general limestone country rock lies within 



the zone of contact metamorphism of the near- 
by intrusive mass of granite, and as a result 
has been considerably altered, chiefly by mar- 
marization and the development of tremolite 
and other minerals. The gold-bearing de- 
posit, as shown in open-cut workings, consists 
of a north-south belt of tremolitic white mar- 
ble 10 to 12 feet thick, traversed by fluoritic 
veinlets, which range from a fraction of an 
inch to several inches in thickness. The larger 
veinlets are quartzose and contain coarse ortho- 
clase, muscovite, and fluorite, and are therefore 
pegmatitic in composition and appearance. 
The hanging wall of the belt is a black mica- 
ceous hornfels. The fluorite, which is of a 
pronounced purple color and imparts to the 
gold ore an unusual and striking appearance, 
is said to assay $18 a ton in gold, though 
neither gold nor other metallic mineral, ex- 
cept rare specks of pyrite, is visible in it. The 
proportion of fluoritic veinlets to the whole 
mass of limestone traversed by them is small, 
and at one point only are the veinlets possibly 
numerous enough to bring the whole mass up 
to ore grade. 



GRAY EAGLE PROSPECT. 



The Gray Eagle prospect is on the south 
side of Redding Canyon, on the west flank of 
the Inyo Range, at an altitude of 7,000 feet. 
The vein, which occurs at the contact of the 
granite and limestone, lies nearly horizontal 
and has a maximum thickness of 8 inches. 
The quartz carries considerable iron oxide; 
the sulphide ore shows some chalcopyrite and 
pyrite, associated with iron oxide in a quartz 
gangue. At the immediate contact a small 
mass of oxidized ore carrying some galena was 
found. In the underground workings massive 
garnet rock is found at the contact, and also 
rock showing columnar epidote several inches 
long. These contact rocks are traversed by 
small quartz stringers carrying a minor quan- 
tity of chalcopyrite. 



GOLDEN MIRAGE PROSPECT. 



The Golden Mirage prospect, which lies west 
of the Gray Eagle at an altitude of 6,450 feet, 
comprises a number of workings on a quartz 
vein in granite. At the lower open cut 2^ feet 
of solid milk-white quartz strikes N. 20° E. 



120 



GEOLOGIC RECONNAISSANCE OP INYO BANGE. 



and dips 40® E. Leached cavities in the quartz 
mdicate the presence of former sulphides, 
principally of large cubic crystals of iron 
pyrite. The vein is rather irregular in thick- 
ness; 2 J feet is the maximum and 1 foot is 
probably a generous average. The gold con- 
tent is spotted and is generally highest in the 
honeycombed rock; it is reported to average 
perhaps $5 a ton for the whole vein. 



X-RAT ICINK. 



The X-Ray mine is an old property worked 
by the Mexicans in the sixties, which was ob- 
tained by its present owners by relocation after 
its abandonment by the former owners. It is 
on the west side of Bedding Canyon, near the 
Gray Eagle and Golden Mirage prospects, all 
of which are now under the same ownership. 
The vein is in granite. On the south end, 
near the contact of granite and sandstone, it 
ranges from a fraction of an inch to 8 inches 
in thickness. In the incline driven on the 
vein it dips 16° N. and trends N. 70° E. To- 
ward the north end the vein is a foot thick, 
but 3 inches is probably the average. The 
walls are well defined. In view of its narrow- 
ness, the vein is remarkably persistent and 
continuous. The shoot of ore on the south end 
is said to be nearly 600 feet long. During 
1912 five carloads of ore were shipped from 
this and the other two claims under the same 
ownership. 

EUKEKA MINE. 

The Eureka mine is on the Nevada & Cali- 
fornia Railroad (Southern Pacific system), on 
the east side of Owens Valley at the foot of the 
Inyo Range, 9 miles northeast of Independ- 
ence. The property consists of four patented 
claims, which were located in 1862. About 
1864 a 20-stamp mill was erected near the 
property on Owens River, which was dammed 
and a water wheel set up; but within a year 
the mill burned down. The settlement was 
known as Chrysopolis, but it has long been 
obliterated. 

The principal developments at the Eureka 
mine consist of a shaft and a tunnel under- 
cutting the deposit at a depth of 100 feet The 
prevailing country rock is a massive, fairly 
coarse hornblende-biotite granite intersected by 



a number of dikes of dark fine-grained diorite 
porphyry, which as a rule are highly schistose. 
The dike intersected in the tunnel is 15 feet 
wide, is roughly schistose, and cuts inclosing 
granite that is somewhat sheared along the con- 
tacts. The dikes in general consist of black 
fine-grained rock which, owing to the presence 
of small white feldspars, exhibits an obscure 
porphyritic texture. Under the microscope the 
porphyritic feldspars are found to consist of 
plagioclase and the groundmass to be made up 
of a fiine intergrowth of feldspar, finely flaky 
biotite, and sericite. A specimen of granite, or, 
more precisely, quartz monzonite, taken from 
the bottom of the winze at a depth of 140 feet, 
was determined microscopically to be composed 
of plagioclase, microcline, quartz, and biotite, 
with considerable associated secondary epidote 
and calcite. 

The ore body consists of a mass of granite 
interlaced with quartz stringers lying between 
two dikes of diorite porphyry, which converge 
at a narrow angle toward the south. The sur- 
face ore is highly oxidized, containing much 
red and brown iron oxide and showing in places 
some of the blue copper silicate, chrysocoUa. 
Coarse gold is not uncommon and is readily 
panned from the oxidized ore. The ore is 
sorted and shipped to the smelter, and in re- 
cent shipments is reported to have averaged $7T 
a ton in gold. 

Necessarily on the present small scale of 
working the richer ore alone is taken out Sin- 
gle stringers are followed, and because of their 
irregular and discontinuous character mining 
is expensive. Investigations to determine the 
practicability of mining the whole mass of 
granite and its included quartz stringers are 
reported to have been undertaken. 

BLACK EAGLE 1CI*TE. 

The Black Eagle mine is on the west flank 
of the Inyo Range at an altitude of 8,300 feet, 
4 miles in an air line east of Kearsarge (Cit- 
rus). The developments consist of a shaft 310 
feet deep and a number of levels. The ore 
body is a narrow quartz vein at the contact of 
granite and limestone but inclosed principally 
in the granite. The vein trends N. 70® E. and 
(lips very slightly to the south. On the third 
level its total exposed length is 400 feet. 
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The vein material is quartzose, though car- 
n^Hg a little barite which is intergrown with 
the quartz and is undoubtedly of primary ori- 
gin. Pyrite is the only sulphide noted, and its 
oxidation has given rise to earthy hematite, 
limonite, and ferruginous jasper. The ore is 
usually of high grade and by sorting will yield 
a product that carries $100 a ton in gold. 
During the operation of the mine the ore was 
packed by mules at a cost of $4 a ton to a small 
steam-driven stamp mill at Willow Springs, 
2,800 feet lower on the flank of the range. 

REWABD AND DROWN MONSTER IflNES. 

The Reward and Brown Monster mines, usu- 
ally spoken of together as the Reward mine, 
are the property of the Reward Consolidated 
Gold Mining Co. 

The Brown Monster was formerly known 
as. the Eclipse, and the Eclipse mill of six 
stamps was built in 1870. After change of 
ownership a 30-stamp mill was erected, which 
was driven by water power generated by water 
diverted from Owens River. The mill is re- 
ported to have produced $200,000, when the 
property became involved and was sold under 
an execution.^ Subsequently this mill was dis- 
mantled and the present mill of 20 stamps 
was built near the mine openings, with which 
it is connected by a gravity tram. In 1911 the 
mine and plant were overhauled and an elec- 
tric transmission line 4^ miles long was con- 
structed across Owens Valley to furnish power. 
After a short run the mine was closed in the 
spring of 1912, pending change of ownership. 

The Reward mine is favorably situated on 
the east side of Owens Valley less than 2 miles 
from Manzanar station on the Nevada & Cali- 
fornia Railroad. 

The working tunnel of the Reward mine, 
which opens on Reward Gulch, intersects the 
vein 750 feet from the portal. From the in- 
tersection the seventh or lowest level follows 
the vein for 300 feet. Above the seventh level 
are six others, ranging in length from 300 to 
500 feet. All the workings on the Reward 
vein are south of Reward Gulch; those on the 
Brown Monster vein are on the north side, and 
a short drift driven northward connects them 
with the main working tunnel of the Reward 
mine. The Brown Monster vein is developed 

» Director of the Mint Rept. for 1883, p. ICO, 1884. 



by an incline on the vein several hundred feet 
long and by several short drifts to the north. 

The country rock in the vicinity of the Re- 
ward mine consists of a stratified series of 
limestones of Carboniferous age, but to the 
southwest there are Triassic rocks, which form 
the low hills that project through the alluvium 
of Owens Valley. The strata strike generally 
northwest, but as they have been intensely 
folded the dips are extremely variable. The 
folding is displayed in diagrammatic perfec- 
tion on the north side of Reward Gulch; in 
the bottom of the gulch the strata stand verti- 
cal, and near the level of the Brown Monster 
outcrop they are sharply bent and dip west 
at a low angle. 

A few himdred yards east of the mine, at 
an altitude of 5,000 feet, is exposed intrusive 
diorite which is part of the great granitic 
mass making up the western flank of the Inyo 
Range for a considerable distance to the north. 
In consequence of the intrusion the limestones 
in the vicinity of the mine have been consider- 
ably metamorphosed and are either tremolite- 
bearing marbles or dense-textured lime-silicate 
homstones. Dikes and sills have been injected, 
one of which, 10 feet thick and approximately 
50 feet above the vein, is particularly note- 
worthy because, being easily traceable on the 
surface, it furnishes an index of the character 
and amount of the faulting that the Reward 
vein has undergone. A limestone bed a foot 
thick, lying above the diorite sill, has as a re- 
sult of metamorphism been recrystallized to a 
coarse-grained aggregate of diopside, tremo- 
lite, and calcite. 

The Reward vein conforms approximately 
to the bedding of the inclosing rocks. The 
hanging wall, as seen above the outcrop, is a 
stratum of dark-blue siliceous limestone 5 feet 
thick, which locally is considerably brecciated. 
The vein can be traced south of the gulch for 
400 feet, beyond which it forks and the 
branches pinch out abruptly. Near the sur- 
face the vein lies nearly flat, but at the face 
of the lowermost drift it dips 40° NE. and 
strikes X. 40° \V. The vein swells and pinches 
abruptly, ranging from a few inches to 10 feet 
in thickness with an average thickness of 4 
feet. 

The ore is a coarse white quartz generally 
devoid of sulphides. On some of the levels 
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the Reward vein shows large solid bunches of 
coarsely crystalline galena and some pyrite, 
chalcopyrite, and sphalerite. These last, how- 
ever, are extremely rare, and the total quantity 
of sulphides is only a small fraiction of 1 per 
cent of the ore. Oxidation products occur to 
some extent — ^limonite, ferruginous jasper, 
chrysocoUa, cerusite, anglesite, the deep azure- 
blue linarite, and the bluish-green caledonite, 
the last two of which are rare basic sulphates 
of lead and copper. 

The Brown Monster vein can be traced more 
or less continuouslv for 1,000 feet northwest- 
ward from Reward Gulch. In the under- 
ground workings it displays the same general 
features that it shows along the outcrop, being 
in places a solid and well-defined quartz vein 
and in others mixed with country rock. In 
the upper levjels the vein dips 25° E., but in 
depth it steepens and near the bottom of, the 
incline the dip increases abruptly to 50°. The 
vertical depth attained on the vein is 200 feet. 

The ore is a quartz practically barren of sul- 
phides. Locally, it carries blebs of pyrite and, 
rarely, chalcopyrite, galena, and sphalerite. 
Minerals resulting from the oxidation of sul- 
phides originally present are limonite, which 
is by far the most abundant, and calamine, 
chrysocoUa, and wulfenite in small amounts. 
Well-formed ciystals of orange-yellow wul- 
fenite occur in vugs in the quartz at the north 
incline. In the face of the fifth level the sec- 
ondary minerals are well shown as replace- 
ment products of country rock inclosed in the 
vein. They comprise calamine in fine radial 
groups, some of which are half an inch in 
diameter, hydrous iron oxides, ferruginous 
jasper, chrysocoUa, and wulfenite. 

The underground workings of the Reward 
and Brown Monster mines are drv. Oxidation 
has extended down to the lowest levels, al- 
though some larger masses of sulphides on the 
upper levels, such as the bunches of galena in 
the Reward vein, have escaped alteration. 

Considerable ore is exposed in the workings 
of the Reward mine and is stated to average 
$12 a ton in gold and silver. 

Reward Gulch is eroded along a shear zone 
40 to 50 feet wide, whose crushed and broken 
character is excellently shown in the main 
working tunnel of the Reward mine. It is 
therefore a matter of importance whether the 



Reward and Brown Monster veins are two dis- 
tinct veins or are the faulted segments of a 
single vein displaced about 200 feet horizon- 
tally along the line of Reward Gulch. The 
limestone strata .or groups of strata match on 
opposite sides of the gulch, and the diorite sill 
previously mentioned, which serves as a more 
easily recognizable indicator than the lime- 
stones, crosses the gulch* without essential dis- 
placement. The powerfully slickensided coun- 
try rock in the Reward tunnel- is therefore the 
product of oscillatory movement, and as a 
further consequence it follows that the Reward 
and Brown Monster veins are two distinct and 
independent veins. Faults along which dis- 
placement has occurred have, howfever, dislo- 
cated the. veins from 1 foot to 6 feet, as shown 
along the outcrop of the Brown Monster vein 
and in the workings of the Reward vein. The 
faulted blocks have been invariably down- 
thrown on the south side. On the north side 
of Reward Gulch the diorite sill is cut by two 
faults, both of which displace the sill 15 feet 
vertically and produce a fault segment 20 feet 
long. 

Several hundred feet stratigraphically above 
the Reward vein is a bedded quartz vein 2 feet 
thick; the hanging wall is limestone and the 
footwall is a diorite sill. The vein carries a 
moderate quantity of galena and some chryso- 
coUa. In the main mass of diorite near its con- 
tact with the invaded limestone is a quartz 
ledge 6 inches thick carrying galena. The ore 
is similar to that of the Reward vein and is of 
interest as establishing the fact that the miner- 
alization took place after the intrusion of the 
diorite. 



BURGESS MINE. 



The Burgess mine is on the summit of the 
Inyo Range at an altitude of 9,200 feet. It 
is reached by a trail from Mount Whitney sta- 
tion and by wagon road from Swansea, but 
supplies are usually brought in by pack train 
over the trail. In the mine the rocks strike 
N. 30° W. and dip 65° W. The vein conforms 
in strike and dip with the inclosing rocks, 
which are mainly limestones of Triassic age, 
containing crushed specimens of ammonites 
north of the shaft. Dikes of diorite porphyry 
are common in the vicinity of the mine. 

The ore is a milky-white quartz carrying 
galena ; by sorting, a product high in gold is 
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obtained. The developments consist of two 
shallow inclines, the principal one of which 
was operated by a gasoline hoist. During 
1912, however, the mine was idle. 

COPPER ORES. 
OCCXniRENCE AND CHARACTER. 

Cupriferous contact-metamorphic rock oc- 
curs in limestone at a number of places where 
the limestone abuts upon the margin of the in- 
trusive granite west of Mazourka Canyon. In 
the unoxidized condition this material consists 
essentially of garnet carr\'ing a small quan- 
tity of chalcopyrite, but in its prevalent oxi- 
dized state the copper is present mainly as 
films and thin veinlets of chrysocoUa. As the 
gametized rock is not abundant and as it con- 
tains trivial quantities of copper, most of the 
deposits of this type in this region are not of 
economic importance. 

OREEN HONSTER HINE. 

The most notable deposit of contact-meta- 
morphic copper ore is that exploited at the 
Green Monster mine, IJ miles north of Kear- 
ssLTge (Citrus). The total production of this 
property, it is reported, is 300 tons of 12 per 
cent copper ore, carrying $4,50 a ton in gold 
and silver. In 1912 the property changed 
ownership, and it was the intention of the new 
owners to develop it systematically. The de- 
velopments so far made (1912) consist of open 
cuts, short tunnels, and drifts. 

Geologically the mine is situated at the con- 
tact of intrusive aplite and limestone that is 
probably of Carboniferous age. The aplite, 
which is a white, even-grained, fine-textured 
rock composed of feldspar and quartz, pene- 
trates the limestone irregularly and has pro- 
duced considerable metamorphism in the in- 
vaded rock, as shown by the formation of gar- 
net masses. At the upper workings of the 
mine the buckled arch of an anticline is ex- 
posed; the west limb, which is the more regu- 
lar, strikes N. 10° E. and dips 30° W. ; the east 
limb stands vertical. 

The copper ore occurs in the garnetized zone. 
It is highly oxidized, so that the facts con- 
cerning its origin and distribution are much 
obscured. It is associated with iron oxides 



and occurs in such a form that its presence 
must be determined bv chemical means. 
ChrysocoUa, which is found subordinately, is 
the only copper mineral definitely recogniza- 
ble. In the outcrop there is much yellowish- 
green mineral, to which prevalence the mine 
doubtless owes its designation. This mineral 
is in part earthy in texture and in part shows 
a fibrous, woody structure. Some of this 
fibrous material was investigated chemically 
by W. T. Schaller and proved to be a hydrous' 
ferric silicate analogous to chloropal. 

MARBLE. 

Marble quarries have been opened on the 
west front of the Inyo Range, on the Nevada 
& California Railroad, a mile northwest of 
Swansea and 4 miles northwest of the railroad 
terminus at Keeler. Sidings from the rail- 
road extend to the quarry faces. Stone from 
these quarries was uSfed in the construction of 
the Mills Building, one of the first modem 
office buildings in San Francisco, which was 
erected by D. O. Mills, who was largely in- 
strumental in the construction of the Carson & 
Colorado Railroad, the predecessor of the Ne- 
vada & California. In recent years the quar- 
ries have lain idle, but the improved trans- 
portation facilitie^s provided by the Mohave- 
Owenyo branch of the Southern Pacific system, 
which gives access to Los Angeles, 250 miles 
away, may result in their being reopened or in 
the development of new quarries along the 
southeastern extension of tlflB marble belt. 

Quarries have been opened at two closely ad- 
joining places upon a series of stratified dolo- 
mites of unknown but possibly Ordovician age, 
which stand at high angles. The dolomite beds 
are much jointed and fractured, and it is ob- 
vious that to get out sound blocks of marble 
much accompanying waste rock had to be re- 
moved. It does not seem likely that these de- 
fects will disappear in depth. The product 
obtained was mainly a pure white marble of 
rather fine grain, but it included some fancy 
varieties. Merrill ^ has described these marbles, 
and concludes that " the Inyo marbles are per- 
haps among the most promising the West has 
as yet produced." An analysis of the marble 
yielded 54.25 per cent of calcium carbonate, 

1 Morrill, O. P., Stones for building and decoration, pp. 
200-207, 1003. 
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44.45 per cent of magnesium carbonate, and 0.6 
per cent of iron and silica.^ 

The southeast extension of the belt, mapped 
as "undifferentiated Paleozoic" (see PI. I), 
has been covered with building-stone claims. 
Hill 2 says that half a mile southeast of Swan- 
sea there is " a magnificent vertical stratum of 
pure white dolomite marble, estimated to be 
over 100 feet thick." He believes that the 
•quantity of marble is ample for development. 

SIERRA NEVADA. 
ORE DEPOSITS. 

Large deposits of tungsten ore, consisting of 
scheelite in contact-metamorphic garnet rock, 
were found west of Bishop in the later part 
of 1913. They remained pnactically unknown 
until the spring of 1916, when two mills, hav- 
ing a total daily capacity of 400 tons, were 
completed and put in active operation.' The 
intrusive granitic contacts shown on Plate T 
(in pocket) are favorable places to prospect 
for other similar ore bodies. Favorable con- 
ditions persist also north of the area mapped, 
as shown bv recent discoveries of larj^e contact- 
nietamorphic timgsten deposits on Pine Creek, 
northwest of Bishop. 

The only gold mining in progress i-ri recent 
years in the Sierra Nevada west of Owens 
Valley is that at the Bishop Creek mine on the 
Middle Fork of Bishop Creek. The ore body 
under exploration consists of a quartzite band 
carrying auriferous pyrrhotite and arseno- 
pyrite and forms part of a sedimentary roof 
pendant projecting deeply into the batholithic 
masses of the range. 

The veins of the Kearsarge district are high 
on the east and north flanks of Kearsarge Peak. 
The Rex Montis mine, said to have been the 
most important in the district, is 11,600 feet 
above the sea or 8,000 feet above the floor of 
Owens Valley. It was opened by a number of 
adits, but these are now caved or filled with 
snow and ice. The vein, which is apparently 
a few feet wide at most, is inclosed in quartz 
monzonite in proximity to a schist belt that is 
extensively penetrated by quartz monzonite 

1 California Mln. Bureau Tenth Ann. Rept., p. 21ft. 1R90. 

« Hill, R. T., Marble depoHits of the Inyo Mountains : Mln. 
and Sd. Press, vol. 105, pp. 86-87, 1012. 

• Knopf, Adolph, Tunirsten deposits of northwestern Inyo 
County, Cal. : L\ 8. Geol. Survey Bull. G40, pp. 220-249, 1017. 



and apljte dikes. The gangue is a comby milk- 
white quartz devoid of metallic minerals. In 
early days the mines of the district yielded 
ores extremely rich in gold and silver.* 

A large number of small gold veins have 
been worked at Fish Spring Hill, 6 miles south 
of Big Pine. At this locality quartz monzo- 
nite projects through the basalt that makes up 
the extinct volcano known as Crater Mountain. 
The veins traverse the quartz monzonite; the 
ore carries chalcopyrite in a quartz gangue; 
and the sorted product averages about $50 in 
gold to the ton. The output has in part been 
milled in arrastres on Birch Creek. 

MINES AND PROSPECTS. 

The Bishop Creek Mining Co. has been de- 
veloping during recent years a gold mine on 
Middle Fork of Bishop Creek at an altitude 
of 8,500 feet. A 10-stamp mill has been built 
and during 1913 a cyanide plant was erected. 
The company owns 12 patented claims and 80 
or more unpatented claims along a belt of 
highly metamorphosed quartzites and schists 
surrounded by granite. The mine is opened 
by a shaft, the first level of which is at a 
depth of 188 feet and the second at 288 feet 

The rocks in the immediate vicinity of the 
shaft are quartzitic strata striking N. 50° W. 
and dipping 60° NE. They are intersected by 
numerous dikes of aplite, which cut across the 
stratification. The quartzites are a coarse 
vitreous variety that contains a small amount 
of accessory garnet and .finely disseminated 
pyrrhotite. Under the microscope they show 
in addition small quantities of pyroxene and 
titanite. They have obviously been highly af- 
fected by thermal metamorphism. The shaft 
of the mine seems to be at about the middle of 
the belt of quartzite strata, although this can 
not be precisely determined on account of the 
presence of much morainal material on the 
slopes behind the mine. This belt of quartz- 
ites continues northwestward as a quite nar- 
row band, but toward the southeast it widens 
abruptly. The granitic rock west of the mine 
is a quartz monzonite comparatively rich in 
hornblende and biotite. The contact with the 
quartzite belt is excellently exposed in a glacial 
knob in the center of the vallev. At the con- 

* Goodyear, W. A., Inyo County: CaHfomla Mln. Bareaa. 
Eighth Ann. Rept., pp. 232-233, 1888. 
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tact, which is welded, the granite shows no 
mineralogie change, but the sedimentary rock 
is either coarsely I'ecrystallized or granitized. 
In addition to the quartzites and aplite seen 
in the surface exposures a narrow dike of py- 
roxene lamprophyre has been cut on the first 
level of the mine. 

The ore body, which is said to have no walls, 
is 4 to 8 feet wide, its width being determined 



by assay findings. The ore consists of quartz- 
ite carrying disseminated sulphides, among 
which pyrrhotite and arsenopyrite predomi- 
nate, and sphalerite, chalcopyrite, pyrite, and 
molybdenite occur. Pyrrhotite is by far the 
most common and widelv disseminated sul- 
phide. The ore on the dump is reported to 
average $10 to the ton in gold and the heavy 
sulphides $50 to the ton in gold. 
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Keeler, plate showing 70 

effects of 1. 12-13 

in alluvial cones 66 

in the Inyo Range 88-90 

near Cerro Gordo mine 111 

recent scarps produced by 80-81 

relation of volcanic action to 77 

Sierra Nevada scarp formed by 78-80 

Faults, age of 22,86-87 

classes of. In the Inyo Range 20-22 

Owens Valley bordered by 90-91 

Saline Valley bordered by 90 

Felsite. nature and occurrence of 69-60 

Field work, record of 15 

Fish Lake Valley, location of 18 

Fish Spring Hill, gold prospects on _- 124 

Fish Springs School, fault scarps west of 1_ 80-81 

Fossils, occurrence of 10. 24, 28. 29, 30-31, 32, 

33, 86, 37, 38, 89, 40, 44. 46, 47, 48, 49, 110-111 

0. 

Galena. See Lead. 

Geology, general, of the region 9-14 

Geomorphology of the region 78-105 

George Creek, fault scarp near 81 

Gibraltar prospect, description of 116 

GUbert, G. K., cited 104 

Glrty, G. II., fossils determined by— 38-39, 41-42, 44-45, 46 

Glaclatlon, effects of 13-14 

epochs of 104-105 

time betwet^n 94 

history of 92-105 

Glaciers, capture of 100-101 

Gold, occurrence of 14, 11&-126 

Gold Siren prospect, description of 119 

Golden Mirage prospect, description of 119-120 

Gordon, L. D., acknowledgment to 15 

Granites, columnar, origin and structure of 74-75 

Cretaceous, in the Sierra Nevada, composition 

and age of 07-69 

jointing of 62 

mode of mapping 63 

nature and dlatrlbutiou of 60, 61-62 
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Granites — Continued. Page. 

Cretaceous — Continued. 

origin and age of 60-61,62 

weathering of 61-62 

crushed, condition of 90 

occurrence of. In moraines 96,97 

polished by glacial action 90 

Gravels, glacial, on Bishop Creek 93 

outwash, dissection of 54 

Gray Eagle prospect, description of 119 

Green Monster mine, description of 123 

H. 

Hague, Arnold, cited 33,39,42 

Halwee reservoir, lK»ds exposetl at 51-52 

Ilalloyslte, occurrence of, in the Cerro Gordo mine 115 

llarkless Flat, Middle and Upper Cambrian exposures 

near 31 

High Mountain zone of the Sierra Nevada, dissection 

of 82-84 

High Valley zone of the Sierra Nevada, age of 86-88 

development of 84-86 

remnant of, plate showing 82 

Hornblende gabbro, nature and occurrence of 69-70 

relations of 70 

Horseshoe Meadow, moraine on 100 

I. 

Igneous rocks, deformation by 20 

nature and distribution of 68-78 

varieties of 11-12 

Independence, gold mine northeast of 120 

Independence Cn»ek, glaclatlon on 99 

Intrusions, sequence of 72 

Inyo Range, alluvial cone along 64-57 

andesites in 58-59 

development of 88-00 

east fault scarp of, plate showing 90 

face of, plate showing 20 

features of 9 

gold deposits In 14, 118-123 

granitic rocks of 60-61 

ore deposits of 100-124 

stratlgraphlc section in 22 

stratigraphy of 19,22-48 

structure of 19-22 

topography of 17-18 

J. 

Jointing, effects of. In Cretaceous granites 62 

Influence of, on glacial erosion 101-102 

K. 

Kearsarge, copper mine near 123 

gold mine east of 120-121 

possible lake beds east of 62 

Kearsarge Pass, capture of glacier west of: 101 

Kearsarge Peak, gold and silver mines on 124 

Keeler, lake beds south of 51 

marble quarry northwest of 123 

Kern River, Lasin of, geomorphlc evolution in 81-86 

basin of, glaclatlon In 84 

hanging valley.s along 102, 103 

South Fork of, origin of canyon of 84-85 

Keynote mine, production of 118 

Kings River, South Fork of, High Valley bench on— 86 
South Fork of, moraines small on 108 

L. 

I^hee, tYederlc H., work of 7, 15 

Lake beds, nature and distribution of 10-11,48-52 

overlain by alluvial deposits, plate showing 54 

Lake Bonneville, history of, correlated with glacial 

epochs 104-105 
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Latite, Tertiary, composition and occurrence of 73 

lAvas, age and distribution of 74-78 

Laws, lake beds northeast" of 50-51 

l4iW8on. A. C, cited 7,81,102 

I^ad, deposit of, position of 108 

ocurrence of 14. 113-115, 116, 117, 118, 122 

Lead-silver ore, nature of 106 

Limestone, Owenyo, nature and correlation of 10, 43-45 

Limestones, basal Pennsylvanlan, nature and occur- 
rence of 40 

later Pennsylvanlan, nature and occurrence of 41-42 

undifferentiated Paleozoic, occurrence of 46-47 

Llndgren, Waldemar, cited 78, 87, 104 

Location of the region 0, 16 

Lone Pine, earthquake faults at 80 

Lone Pine Creek, glaclatlon on 99 

Lone Pine Peak, altitude of 18 

M. 

Magnetite, occurrence of 28 

Mann, AIB*tf7 fossils determined by 60 

Manzanar, gold mines near.x 121 

Marble, occurrence of, In the Cerro Gordo mine 110, 113 

quarrying of 123-124 

Marble Canyon, alluvial gravels In 56 

Mazourka Canyon, faulting along 22 

gold placers In 118 

Mineral resources, nature and occurrence of 14, 105-125 

Mining, cost of 109 

history of 105-100 

Mlsslsslpplan series, formation of 10,37,38-39 

rocks of, exposed in Mazourka Canyon, plate 

showing 84 

Monachee M(>adow8, plate showing 82 

Monachee Mountain, lavas of 73 

Monster mine, description of 117-118 

Montezuma mine, description of 116 

Monzonlte porphyry, nature and occurrence of. In 

the Cerro Gordo mine 112 

Moraines, occurrence of 93-100 

terminal, relation of, to erosion by glaciers 102-103 

Mount Barnard, summit of 82 

Mount Blanco, gold prospect on ^ 119 

MoHut Goddard quadrangle, geologic reconnaissance 

map of part of In pocket. 

Mount Langley, ascent of, by Clarence King 18 

plate showing 80 

Mount Montgomery, location of 17 

M«unt Whitney, altitude of 9,18 

from Diamond Mesa, plate showing 79 

from the mouth of Lone Pine Canyon, plate show- 
ing 79 

from the northwest, plate showing 79 

summit of 82 

Mount Whitney quadrangle and adjacent regions, geo- 
logic reconnaissance map of In pocket. 

Mulkey Creek, shifting of divide at head of 88 

stream capture on headwaters of 86 



N. 



Nevada limestone, nature and occurrence of 36-87 

Newsboy mine, description of ^^ 117 

Newton mine, fault breccias near 111 

NormansklU formations, nature and distribution 

of 33,85-36 

O. 

Oak Creek, glaclatlon on 98-99 

Olancha Peak, cirque on 100 

plate showing 73 

Onion Valley, glacial erosion in 100 

Ordovlcian system, formations of 10, 32-36 

rocks of, exposed In Mazourka Canyon, plate show- 
ing 84 

16945**— 18 ^9 
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Outwash from canyons, age and nature of 52-57 

Owens Lake, beach line surrounding 91-92 

description of 19 

origin of the basin of 91 

Pleistocene, beds deposited In 57-68 

Owens River, course of 18-19 

lake beds north of 50 

Owens Valley, location of 9 

opinion as to subsidence of 1 81 

origin of 13,90-91 

topography of 17 

Owenyo limestone, nature and correlation of.J 10,43-45 

P. 

Paleozoic strata, undifferentiated . 46-47 

Palmer, (^ase, analysis by .' 115 

Palmetto formation, nature and correlation of- 32-33, 85-36 

Park City formation, correlation with 44-45 

Pegmatite, composition and occurrence of 71 

Pennsylvanlan series, formations of 10, 39-43 

Permian system, formation of 10,43-45 

Permlan-Trlassic exposure, plate showing 44 

Perseverance mine, description of 117 

Phosphorla formation, correlation with 44—45 

Piedmont alluvial slope, description of 53-54 

Pine Creek, tungsten deposits on 124 

Placer mines, production from 118 

Pleistocene lake beds, nature of 57-58 

IMutonlc complexes, nature and occurrence of 70-71 

Pogonlp, use of the term 34 

Pogonlp limestones, nature and correlation of 32-36 

Potholes In Reward conglomerate, origin of 43 

plate showing 41 

Pre-Cambrlan time, formations of 9, 23-25 

Q. 

Quarts dlorlte porphyry, nature and occurrence of, 

in the Cerro Gordo mine 112-113 

Quartz monzonlte, eugranltlc, composition of 68-64 

eugranltlc, inclosures in . 64-65 

interrelations of varieties of 66-67 

occurrence of, in the Sierra Nevada 61 

porphyrltlc, composition of 65-66 

Quaternary and Tertiary periods, deposits of. 10-11, 48-58 

Quaternary period. Igneous rocks of 74-78 

R. 

Railroads of the region 16 

Rainfall of the region 19 

Ransome, F. L., preface by 7 

Rawson Creek, headwater erosion of 86 

Raymond, R. W., cited, 113-114 

Red Mountain, origin of l 76 

plate showing 72 

Red Mountain Creek, glaclatlon on 98 

Redding Canyon, alluvial cone In 55 

gold prospects on 119-120 

Reed dolomite, correlation of 23 

distribution of 9, 20, 24 

exposures of, plate showing 24 

nature of 24 

Reward conglomerate, detail of, plate showing 40 

exposure of, plate showing 41 

nature and origin of 10, 42-43 

potholes In, plate showing 41 

Reward mine, description of 121-122 

Rex Montis mine, description of 124 

Rhyolltes, Tertiary, occurrence of -.-« ?1^7& 

Triasslc, nature and distribution of .. 

" Rlcardo erosion surface," correlatioa wHh. 

Richmond formatlOBS, ponslMl •ccvmftee «f.J....«.^ MM 

Roof pendants, In tke Mvn novate. Baton aind a^e 

" Rosamond MtlMp'* dipOflltlM #f ..' 

Russell, I. C clt«A...»..:». .^^ ».. 102, 104 
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Sage Plat, moralnea on 97 

"Sagebrush Hlope," description of 53-54 

Saline Valley, faulting along 21.90 

location of 18 

Sandstones, oldest, nature of 23-24 

Sawmill Canyon, basalt flow in. plate showing 98 

Buwmlll Creek, glaciatlon on 98 

Scenery of the region 17 

Schist, black, along the crest of tlu> Sierra Nevada. 

plate showing 81 

Sierra Nevada, alluvial cones along 53-54 

andesltes and rhyolit»*8 in 59 

black schist along the crest of, plate showing 81 

escarpment of, plate showing 73 

fault scarp of, plate showing 78 

glaclation in 93-105 

granitic rocks of 61-72 

mode of mapping 6.*^ 

northern, origin of flat- topped ridges in 84 

older topographic forms in 81-80 

ore deposits of 124-125 

origin of 78-88 

topography of 18 

Silver, ocurroncp of 14, 113, 114, 110, 117. 118. 122. 123 

Silver Canyon, fault bounding 21 

Sllver-li;ad ore, nature of_- 100 

Silver Peak group, distribution of 28-29 

exposure of, plate showing 24 

nature of 10,29-30 

occurrence of 20-27 

stratigraphic section of 29-30 

Smith, James Perrin, cited 45 

Smithsonite, occurrence of 107 

Soil west of Owens River, origin of 58 

Squaw Flat, Middle and Upper Cambrian px[)08ures 

near 31 

Stairways, cyclopean, origin of 100 

Streams, capture of 86,88 

Striae, occurrence of 06 

Subsammit Plateau, age of 80-88 

origin of 82-84 

plates showing 79.80.83 

Summit Upland, age of 87 

dissection of 82-84 

remnant of, plate showing 80 

Swmnsea, fault north of 81 

gold mine near 122-123 

marble quarry northwest of 123 

marble southeast of 1 124 

T. 

Table Mountain, evolution of 83,85 

Tabooae Creek, glaclation on 98 

Taboose Pass, glacial erosion west of 103 

Templcton Mountain, lavas of 78 

Tertiary and Quaternary periods, deposits of.. 10-11.48-58 
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Tertiary period, igneous rocke of 72-78 

'• ToadstoolH," alluvial, origin of 65 

Topography of the region 17-18 

Tourmaline, occurrence of 28 

Tn>nton formation, occurrence of, in Nevada 33 

Triassic and Carboniferous sediments, folded, plate 

showing 21 

Trlasslc-Permlan exposure, plate showing 44 

Triassic system, rocks of 10.47-48 

rocks of. contact of, with the Carboniferous 45-46 

platt> showing 44 

Tuflf. occurrence of. In the Inyo Range 88 

Tuugsten, occurrence of 14, 124 



U. 



Ulrich, K O., fossils determined by 51 

rnion mine, conMoli4lat«K] in the Cerro Gordu 108 

oarly d<>velopment in 113-114 

Union Wash, fault crossing 22 

Uplifts, results of 13 



V. 



Valleys, hanging, origin of 102-104 

Ventura mine, description of 117 

Volcanic action, effcctH of 7ri, 77 

relation of, to fault lines 77 

Volcanic field in Owens Vall(>y. plate showing 71 



W. 



Walcott, C. D.. cited 31.89 

Waterfall prospect, description of 119 

Waucoban series, origin of namo 26 

type section of 26-27 

Weathering, forms and colors produced by 61-62 

Weber conglomerate, (correlation with 39,41 

Wells, R. C. analyses by 64.66-67,68 

White Mountains, location of 17 

White Pine shale, nature and distribution of 37, 38-39 

position of 10 

Willow CriM»k. alluvial deposit near .'>5-5fi 

Wyman Creek, sandstones and dolomites on 23-24 



X-Ray mine, description of 120 



Zinc, deposits of, position of lOS 

occurrenc<« of 14, 114. 115-116, 117. 118 

oxidlziHl ores of. formerly little valued 106. 108 

Zinc carbonate, locnllzatlon of 107. 108 

Zinc ore. nature and origin of «_ 106-108 

Zurich, lake be<ls east of 48-49 
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